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ABSTRACT 


Physiological  studies  of  mycelium,  and  development  and  germination 
of  sclerotia  of  Sclerotinia  sclerotiorum  were  carried  out.  As  well, 
germination  of  sclerotia  of  two  isolates  of  S.  borealis  was  studied. 

Yields  of  mycelium  and  sclerotia  of  S,  sclerotiorum  cultured  on 
liquid  malt-yeast  medium  were  determined.  Except  for  young  sclerotia, 
the  fresh  and  dry  weights  of  sclerotia  per  petri  plate  were  higher 
than  the  fresh  and  dry  weights  of  mycelium  respectively. 

Total  soluble  proteins  for  mycelium,  ungerminated  sclerotia,  and 
germinated  sclerotia  with  the  apothecia  removed  were  determined.  The 
protein  content,  on  a  colony  basis,  was  higher  in  sclerotia  than  in 
mycelium;  however,  on  a  dry  weight  basis  protein  content  was  higher  in 
mycelium. 

Using  disc  gel  electrophoresis,  the  protein  patterns  were  obtained 
for  ungerminated  sclerotia  of  various  ages,  germinated  sclerotia  with 
the  apothecia  removed,  and  apothecia  of  sclerotiorum.  The  protein 
patterns  of  sclerotia  varied  with  age  of  culture  and  medium  used.  The 
protein  patterns  of  mature  ungerminated  sclerotia,  germinated  sclerotia 
with  the  apothecia  removed,  and  apothecia  of  two  isolates  of  S,  borealis 
were  also  determined  using  disc  gel  electrophoresis.  There  were  dif¬ 
ferences  in  protein  patterns  of  mature  sclerotia  between  S.  sclerotiorum 
and  two  S,  borealis  isolates;  however,  no  differences  in  protein  pat¬ 
terns  of  sclerotia  were  observed  between  the  two  S,  borealis  isolates. 
The  protein  patterns  of  apothecia  for  all  three  isolates  were  different. 
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Peroxidase  and  polyphenol  oxidase  isozymes  of  ungerminated  scle- 
rotia,  germinated  sclerotia  with  the  apothecia  removed,  and  apothecia 
of  S,  sclerotiorum  were  also  separated  by  disc  gel  electrophoresis. 

The  patterns  of  these  isozymes  in  sclerotia  were  also  shown  to  vary 
with  age  of  culture.  The  isozyme  patterns  for  apothecia  differed  from 
those  of  sclerotia. 

The  effect  of  plant  extracts,  glucose,  1,3-dichloropropene,  and 
light  and  dark  treatments  on  apothecia  production  were  determined.  The 
plant  extracts  had  a  greater  effect  on  apothecia  production  if  they 
were  present  during  the  formation  of  sclerotia  than  if  they  were  pre¬ 
sent  during  germination  of  sclerotia;  glucose  concentration  during  the 
growth  of  sclerotia  was  important  in  subsequent  apothecia  production; 
1,3-dichloropropene  treatments  of  mature  sclerotia  increased  apothecia 
production;  and  sclerotia  germinated  in  the  light  produced  mature  apo¬ 
thecia,  whereas  those  germinated  in  the  dark  only  produced  apothecial 
stipes.  Regardless  of  treatment  of  sclerotia  mature  apothecia  were  not 
produced  in  the  dark. 

Of  a  number  of  compounds  tested,  sodium  diethyldithiocarbamate 
was  the  only  one  which  inhibited  pigmentation  of  developing  sclerotia. 
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Reagent  for  detecting  peroxidase  isozymes  was 
benzidine-2HCl  . . . 


Fig,  18,  Disc  gel  electrophoretic  patterns  of  peroxidase 
isozymes  of  ungerminated  sclerotia,  germinated 
sclerotia  with  the  apothecia  removed  (S-A),  and 
apothecia  (A)  of  S,  sclerotiorum.  Cultures 
were  grown  on  a  synthetic-agar  medium  at  13°C. 
Reagent  for  detecting  peroxidase  isozymes  was 
pyrogallol  . . . . 


Fig,  19.  Disc  gel  electrophoretic  patterns  of  polyphenol 
oxidase  isozymes  of  ungerminated  sclerotia, 
germinated  sclerotia  with  the  apothecia  removed 
(S-A),  and  apothecia  (A)  of  S.  sclerotiorum. 
Cultures  were  grown  on  a  synthetic-agar  medium  at 
13°C,  Reagent  for  detecting  polyphenol  oxidase 
isozymes  was  1-dihydroxyphenylalanine  (l-DOPA)... 

Fig,  20,  Apothecia  (a)  produced  by  mature  sclerotia  of 

S,  sclerotiorum  germinated  in  water  in  the  light 
and  apothecial  stipes  (b)  produced  in  the  dark  . . 
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Fig,  21,  Mature  sclerotia  of  S.  sclerotiorum  germinated 

in  solutions  containing  (a),  peroxidase  (b), 

plus  peroxidase  (c)  ana  lAA  (d)  . . .  60 

Fig,  22.  Dry  weights  of  mycelium  and  sclerotia  from  20-day 
old  cultures  of  S.  sclerotiorum  grown  on  a  liquid 
malt-yeast  medium  supplemented  with  various  compounds 
used  to  inhibit  sclerotial  pigmentation.  Cultures 
were  incubated  at  20°C  . .  6l 
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INTRODUCTION  AND  LITERATURE  REVIEW 


Sclerotinia  sclerotiorum  (Lib. )  DeBary  was  first  called  Peziza 
sclerotic rum  by  Madame  Libert  in  l837.  In  I869,  this  fungus  was  trans¬ 
ferred  to  the  genus  Sclerotinia  (Wakefield  192^).  In  his  synopsis  of 
genera  and  species  of  Sclerotiniaceae ,  Whetzel  (19^3)  referred  to  this 
fungus  as  Sclerotinia  sclerotiorum  (Lib.)  DeBary. 

Considerable  work  has  been  done  on  the  growth  and  morphological 
aspects  of  S.  sclerotiorum  (DeBary  1887}  Ramsey  1923}  Henson  1933} 

Keay  19^0,  Henson  and  Valleau  19^0,  Purdy  1933}  Arimura  and  Kihara 
1968).  In  addition,  numerous  studies  have  been  made  on  the  nutritional 
factors  affecting  growth  of  this  fungus  (Newton  19^6,  Tanrikut  and 
Vaughan  1931}  Demetriades  1932,  Demetriades  1933}  Purdy  and  Grogan 
193^}  Bedi  1936}  Bedi  1962,  Willis  I968).  Recent  studies  by  LeTourn- 
eau  (1966)  and  Cooke  (I969)  were  on  the  carbohydrate  content  of  scle- 
rotia  of  S.  sclerotiorum.  Cooke  (I969)  also  analysed  the  exudate  which 
appears  on  young  sclerotia  for  carbohydrates.  Factors  affecting  apo- 
thecia  were  also  studied  (Young  193^}  Young  1936,  Keay  1939}  Henson 
and  Valleau  19^C,  Bedi  1936,  Purdy  1936,  Bedi  1962,  Bedi  1963}  Williams 
and  Western  1963)0 

Little  or  no  other  work  has  been  done  on  the  biochemical  changes 
occurring  during  the  different  stages  of  growth  and  development  of 
this  fungus.  For  this  reason,  biochemical  studies  during  the  differ¬ 
ent  stages  of  this  fungus  were  carried  out.  This  included  growth 
studies,  total  protein  analyses  of  mycelium  and  sclerotia,  protein 
studies  using  disc  gel  electrophoresis,  amino  acid  analyses  of  sclerotia 
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and  apothecia,  factors  affecting  apothecia  production,  and  studies  on 
the  pigmentation  of  sclerotia. 

The  separation  of  proteins  extracted  from  fungal  mycelium  using 
starch  gels  (Clare  1963?  Clare  and  Zentmyer  I966,  Hall  I967)  and  poly¬ 
acrylamide  gels  (Durbin  I966,  Gottlieb  and  Hepden  I966,  Hall  e^  al, 
1969,  Glynn  and  Reid  I969)  has  been  used  principally  for  taxonomic 
purposes,  Whitney  et  (I968),  Sekhon  and  Colotelo  (I968)  and  Zafar 

(1970)  found  that  the  protein  patterns  varied  with  of  culture. 

However  no  work  has  been  done  comparing  the  protein  patterns  of  ex¬ 
tracts  from  different  stages  of  growth  of  fungi  leading  to  the  produc¬ 
tion  of  a  sexual  fruiting  structure.  The  major  portion  of  the  follow¬ 
ing  research  is  on  the  protein  patterns  of  mycelium  at  various  ages, 
sclerotia  at  various  ages,  and  apothecia  of  S,  sclerotiorum  as  obtained 
on  polyacrylamide  gels  by  disc  gel  electrophoresis. 

The  only  studies  available  on  the  growth  of  Gclerotinia  borealis 
Bubak  and  Vleugel  are  those  by  Cormack  and  Lebeau  (1939)?  Groves  and 
Bowerman  (1933)?  Sprague  et  (I96I),  and  Ward  (I966).  Groves  and 
Bowerman  (1933)  refer  to  this  fungus  as  S.  borealis  Bubak  and  Vleugal 
but  Sprague  et  (I96I)  and  Ward  (1966)  refer  to  it  as  S.  borealis 

Bub,  and  Vleug,  In  the  following  research,  S,  borealis  is  compared 
to  S.  sclerotiorum  as  to  apothecia  production  (including  sizes  of  as- 
cospores  and  asci)  and  protein  patterns  of  buffer  soluble  proteins  of 


sclerotia  and  apothecia. 
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MATERIALS  AND  METHODS 


A.  FUNGAL  ISOLATES 

The  fungi  used  in  these  studies  were  Sole rot inia  sclerotiorum 

(Lib.)  deBary,  and  two  isolates  which  were  tentatively  identified  as 

Sclerotinia  borealis  Bubak  and  Vleugel,  The  S,  sclerotiorum  culture 

was  grown  from  sclerotia  removed  from  infected  sunflower  collected  at 

Redwater,  Alberta.  The  S.  borealis  cultures  were  grown  from  sclerotia 

removed  from  infected  unidentified  pasture  grass  and  infected  fall  rye 

collected  at  Smokey  Lake,  Alberta  and  Beaverlodge,  Alberta,  respectively. 

These  two  isolates  were  designated  as  Sb^  (pasture  grass)  and  Sb,  (fall 

3  H 

rye). 


B.  GROWTH  STUDIES 

The  stock  cultures  of  these  fungi  were  maintained  on  potato  dex¬ 
trose  agar  (PDA)  at  3-3 °G.  Working  cultures  were  maintained  on  a  malt- 
yeast  agar  medium  (Ward  1966),  This  medium  was  composed  of  Difco  malt 
extract,  13  g;  Difco  yeast  extract,  13  g;  dextrose,  43  g;  agar,  17»3  g; 

and  distilled  H^O  to  1  1,  This  medium  was  sterilized  by  autoclaving 

41 

for  13  minutes  at  121°C  and  17  pressure.  Thirty  ml  of  this  medium  was 
added  per  each  90  x  20  mm  petri  plate.  The  inoculum  consisted  of  7 
plugs  of  mycelium  taken  from  the  periphery  of  growing  colonies,  or 
sclerotia  which  were  placed  in  the  center  of  the  above  petri  plates, 

S,  sclerotiorum  cultures  were  grown  at  20 °C  since  this  temperature 
was  found  to  be  the  optimum  for  the  growth  of  this  fimgus  (Tanrikut  and 
Vaughan  1931).  The  Sb^  and  the  Sb^^  cultures  were  incubated  at  10°C. 
This  temperature  was  found  to  be  the  optimum  for  the  growth  of  these 
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isolates  (Colotelo,  unpublished  data). 


(a)  Wet  and  dry  weight  de t e rminat ions  of  mycelium  and  sclerotia 
The  fungus  S,  sclerotiorum  was  grown  on  a  liquid  malt-yeast 
medium^,  A  40  ml  aliquot  of  this  medium  was  added  to  each  90  x  20  mm 
petri  plate  and  the  medium  was  sterilized  by  autoclaving.  Inoculum 
plugs  (7  mm  diam, )  taken  from  the  periphery  of  4-day  old  colonies  were 
placed  in  the  petri  plates  containing  the  above  cooled  medium.  Care 
was  taken  that  the  inoculum  plug  was  in  the  center  of  the  petri  plates 
during  the  incubation  period.  The  cultures  were  incubated  at  20°C, 

Wet  and  dry  weights  of  mycelium  from  4-,  9-j  6-,  7-?  8-,  9-)  10- , 
19- j  20-,  29- j  and  30-day  old  cultures  were  determined.  Except  for  the 
4-day  old  cultures,  since  sclerotia  had  not  yet  formed  at  this  time, 
the  wet  and  dry  weights  of  sclerotia  were  determined  for  the  above-aged 
cultures. 

The  sclerotia  were  separated  from  the  mycelium  using  a  sharp 
scalpel.  The  excess  moisture  on  the  surface  of  the  mycelial  mat  and 
sclerotia  was  removed  with  paper  towels  prior  to  obtaining  the  wet 
weights.  The  mycelial  mat  and  sclerotia  from  each  petri  plate  respect¬ 
ively  were  placed  on  tared  filter  papers  and  dried  at  90°C  for  24  hours 
for  the  dry  weight  determinations. 
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This  medium. 


with  the  agar  excluded, 


was  the  same  as  that  described 


on  page  3» 
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(b)  Apothecia  production 

(i)  Apothecial  initials  were  produced  from  sclerotia  of  S. 
sclerotiorum  using  the  method  of  Purdy  (1956).  In  this  procedure  scler¬ 
otia  from  60-  to  90-day  cultures  were  partially  submerged  in  sterile 
H^O  and  incubated  at  15-l8°C, 

Preliminary  experiments  using  the  liquid  malt-yeast  medium  and 
2 

a  synthetic  medium  indicated  that  apothecia  would  form  from  sclerotia 
grown  on  the  synthetic  medium  but  not  from  sclerotia  grown  on  the  liquid 
malt-yeast  medium.  The  temperature  of  incubation  for  the  cultures 
grown  on  the  liquid  malt-yeast  medium  was  20°C  and  15°C  for  the  cultures 
grown  on  the  synthetic-agar  medium.  Note:  during  the  later  part  of 
these  studies  it  was  found  that  apothecia  could  be  produced  from  scler¬ 
otia  removed  from  cultures  which  were  incubated  at  15 °C  and  grown  on 
the  malt-yeast-agar  medium.  Sclerotia  from  70-day  old  cultures,  grown 
on  the  synthetic  medium  at  15°C,  were  placed  into  petri  plates  contain¬ 
ing  20  ml  of  sterile,  distilled  and  deionized  H^O  and  incubated  at  15°C 
in  the  light.  The  light  source  was  two  16”  fluorescent  bulbs  placed 
approximately  20  cm  above  the  petri  plates.  At  this  distance  l80-220 
fto  candles  of  light  were  measured  using  a  Weston  illumination  meter, 
model  7560  This  form  of  light  was  used  since  Lane  and  Sproston  (1955)} 
Purdy  (1956),  and  Bedi  (I962)  found  that  either  artificial  or  natural 
light  could  be  used  for  producing  expanded  apothecial  initials. 

The  next  stage  in  development  was  to  determine  v^/hether  asci  and 
ascospores  were  found  in  the  expanded  apothecia.  Portions  of  the 

2 

This  synthetic  medium,  excluding  the  vitamins,  was  prepared  as 
described  by  Ward  and  Colotelo  (I96O). 
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3 

crushed  apothecia  were  stained  with  cotton  blue-lactophenol  .  Photo¬ 
graphs  were  taken  using  a  Leitz  Wetzlar  ortholux  microscope  and  mea¬ 
surements  of  apothecia,  asci,  and  ascospores  were  taken. 


(ii)  For  isolates  Sb^  and  Sb^  a  slightly  different  procedure 
was  used  to  produce  apothecia,  Sclerotia  removed  from  l65-day  old  cul¬ 
tures  incubated  at  10 °C  and  grown  on  the  malt-yeast-agar  medium  were 
partially  submerged  in  distilled  and  deionized  H^O  and  were  incubated 
at  10°C  in  the  light.  As  with  S,  sclerotiorum,  a  light  intensity  of 
180-220  ft,  candles  was  maintained  at  the  petri  plate  level  during 


incubation. 


Portions  of  crushed  apothecia  stained  with  cotton  blue-lactophenol 
showing  paraphyses  and  asci  containing  ascospores  were  photographed 
as  above,  and  measurements  were  taken. 

In  conjunction  with  the  above  growth  studies,  which  included  pro¬ 
duction  of  mycelium,  sclerotia,  and  apothecia,  biochemical  analyses, 
principally  protein  changes  which  occurred  during  growth  and  differen¬ 
tiation,  were  carried  out. 


:z 

■^This  stain  was  composed  of  aniline  blue  ws  (cotton  blue),  1  g; 
glycerol,  25  ml;  lactic  acid,  25  ml;  phenol,  25  g;  and  distilled 
and  deionized  H^O,  25  ml  (Peacock  1966). 
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C.  SOLUBLE  PROTEINS 

The  total  soluble  proteins  of  mycelium  and  sclerotia  of  S,  sclero- 

tiorum  were  extracted  from  4-,  5-j  6-,  7-?  8-,  9-j  20-,  2U-, 

and  30-day  old  cultures  grown  on  the  liquid  malt-yeast  medium.  The 

procedure  used  during  extraction  was  as  follows.  Mycelium  and  sclerotia 

were  separated  and  the  liquid  associated  with  the  mycelial  mat  and 

sclerotia  was  removed  using  paper  towels.  The  fresh  weight  of  the 

mycelial  mat  from  one  petri  plate  was  taken.  This  mat  was  placed  into 

a  plastic  centrifuge  tube  (1.3  cm  in  diam, )  to  which  was  added  2.0  ml 

4 

of  phosphate  buffer  per  gram  fresh  weight  of  mycelium.  This  material 
was  frozen  at  -48°C  for  24  hours.  The  fresh  weight  of  sclerotia  from 
one  petri  plate  was  also  taken  after  which  the  sclerotia  were  ground 
in  a  Krups  grinder,  model  308-60c,  One  gram  fresh  weight  of  the  ground 
sclerotial  material  was  placed  in  a  similar  plastic  centrifuge  tube  and 
again  2.0  ml  of  the  phosphate  buffer  was  added  per  gram  fresh  weight 
of  material.  This  sample  was  also  frozen  at  -48°C  for  24  hours.  After 
disruption  of  the  cells,  using  a  chilled  Hughe's  press,  the  mycelial  and 
sclerotial  samples  were  treated  in  a  similar  manner.  The  disrupted 
tissue  was  placed  into  a  centrifuge  tube  to  which  was  added  another  2 
ml  aliquot  of  the  above  phosphate  buffer  per  gram  fresh  weight  of  tis¬ 
sue,  The  resulting  slurry  was  centrifuged  at  24,000  x  g  for  13  min. 

The  supernatant  was  decanted  and  the  pellet  was  mixed  with  an  aliquot 
(as  above)  of  the  phosphate  buffer.  This  slurry  was  also  centrifuged 

4 

Ool  M  phosphate  buffer,  pH  6.0  was  used.  This  buffer  was  prepared 
by  adding  2,3772  g  KH2P0^  and  0.4283  g  K^HPO^  to  200  ml  distilled  and 
deionized  H^O,  The  buffer  was  stored  at  3-3°C, 
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at  24,000  X  g  for  15  min.  After  decanting  the  supernatant,  this  extrac¬ 
tion  procedure  was  again  repeated. 

The  supernatants  from  centrifugation  were  combined  and  thoroughly 
mixed  by  shaking.  Two  50-ul  aliquots  of  this  supernatant  were  used 
for  total  protein  determinations.  Quantitative  amounts  of  protein  were 
obtained  by  comparing  the  results  of  the  fungal  samples  to  that  obtained 
using  standard  amounts  of  bovine  serum  albumen  (Nutr,  Biochem,  Corp.). 
Two  readings  were  obtained  for  each  sample  and  the  experiment  was  re¬ 
peated  once.  The  procedure  used  for  total  protein  determinations  was 
essentially  that  of  Lowry  at  (1951)  but  with  minor  modifications. 
Details  of  the  procedure  are  as  follows.  Duplicate  samples  containing 
0,  25,  50,  100,  200,  300,  400,  and  500  ug  per  ml  of  the  bovine  serum 
albumen  in  the  above  phosphate  buffer  were  used  to  prepare  the  standard 
curve.  The  volumes  were  made  up  to  5*0  ml  with  H^O.  To  each  sample 
was  added  5  ml  of  a  solution  containing  50  ml  of  Z%  Na2C0|^  in  0,1  N 
NaOH  and  1  ml  of  0.5^  CuS0|^«5H20  in  IP/o  potassium  tartrate.  After  15 
mins,  0,5  ml  of  IN  Folin-phenol  reagent  (Fisher  Scientific  Company 
Limited)  was  added  to  each  sample.  After  30  min,,  the  intensity  of 
the  blue  color  was  determined  at  630  mu  using  a  Hitachi  Perkin-Elmer 
spectrophotometer,  model  139-  Ike  procedure  was  repeated  and  the 
average  value  for  each  point  was  used  to  prepare  the  standard  curve 
(Fig.  1). 
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Fig,  1,  Standard  curve  for  protein  determination. 
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D.  DISC  GEL  ELECTROPHORESIS  STUDIES 

Disc  gel  electrophoresis  was  carried  out  for  the  separation  of 
the  soluble  proteins  and  polyphenol  oxidase  and  peroxidase  isozymes. 

(a)  Soluble  Proteins 

The  soluble  proteins  previously  extracted  (see  above)  were 
separated  by  disc  gel  electrophoresis  as  described  by  Davis  (1964). 

An  aliquot  of  the  protein  sample  containing  an  equivalent  of  300  ug 
of  protein,  as  determined  by  the  Lowry  ^  (1951)  method,  was  added 

to  each  gel.  A  constant  current  of  3  mA  per  gel  was  applied  until  the 
tracer  dye  (bromophenol  blue)  moved  to  a  point  marked  1.3  cm  from  the 
bottom  of  a  tube  containing  the  gel. 

The  gels  were  removed  from  the  tubes  with  the  aid  of  a  jet  of 
water  running  through  a  thin  hypodermic  needle.  Proteins  in  the  gels 
were  stained  with  1%  amido  black  10-B  in  acetic  acid  for  60  minutes 
and  the  excess  stain  in  the  gels  was  removed  using  acetic  acid. 

Three  replicate  gels  were  used  for  each  sample.  The  above  extraction 
and  disc  gel  electrophoretic  procedures  were  repeated  once.  Since 
there  was  considerable  variation  in  the  uptake  of  the  protein  stain  by 
individual  protein  bands,  it  was  considered  necessary  to  indicate  the 
relative  amounts  of  stain  uptake  by  the  proteins.  Solid  lines  repre¬ 
sent  large  amounts  of  protein  and  dotted  areas  very  little. 

The  above  electrophoretic  studies  of  soluble  proteins  for  mycelium 
and  sclerotia  were  carried  out  concomitantly.  However,  during  the 
later  portion  of  this  study  it  was  found  that  sclerotia  from  the  liquid 
malt-yeast  medium  did  not  produce  apothecia.  In  order  to  follow  the 
changes  in  proteins  in  all  stages  of  growth  and  development,  it  was 
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necessary  to  change  to  a  medium  which  produced  sclerotia  which  in  turn 
would  produce  apothecia.  For  this  the  synthetic  medium  described  earlier 
was  employed,  since  preliminary  experiments  indicated  that  this  medium 
was  satisfactory  for  this  purpose.  Sclerotia  of  S.  sclerotiorum  were 
harvested  from  10-,  20—,  30-,  40-,  30-,  6O-,  and  70-day  old  cultures 
grown  on  the  synthetic  medium  at  13°C.  Apothecia  were  produced  from 
sclerotia  placed  into  H^O  as  previously  described.  Extraction  and  elec¬ 
trophoretic  procedures  described  above  were  used  for  the  separation  of 
soluble  proteins,  and  peroxidase  and  polyphenol  oxidase  isozymes  of  the 
sclerotia  from  the  above-aged  cultures,  sclerotia  separated  from  the 
apothecia,  and  the  apothecia. 


(b)  Gom.parative  studies  of  S.  sclerotiorum  and  Sb^  and  Sb,^ 

Using  the  above  procedures,  a  comparative  study  of  the  pro¬ 


teins  of  sclerotia  and  apothecia  of  S,  sclerotiorum  and  isolates  Sb 

_  - 

and  Sb^  was  made.  The  sclerotia  of  Sb^  and  Sb^  were  removed  from  163- 
day  old  cultures  prior  to  placing  them  in  sterile,  distilled  and  deion¬ 


ized  H^O, 


Although  sclerotia  of  S.  sclerotiorum  and  Sb^  and  Sb^^,  harvested 
for  analyses  differed  considerably  in  their  chronological  age,  the 
stage  at  which  sclerotia  produced  apothecia  indicated  a  somewhat  similar 
physiological  age. 


(c)  Pe roxidase  and  polyphenol  oxidase  isozymes 

Peroxidase  and  polyphenol  oxidase  isozymes  were  "determined 
using  disc  gel  electrophoresis  on  these  samples  used  for  protein 


determinations. 
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Peroxidases  were  detected  with,  the  methods  involving  benzidine- 
2HC1  reagent  (Bulletin — special  subject,  Enzyme  Analysis,  Canal  Indus¬ 
trial  Corporation,  Rockville,  Maryland)  and  pyrogallol  (Hall  1967j 
Macko  et  I967).  Polyphenol  oxidase  isozymes  were  detected  using 

3.4-dihydroxphenylalanine  (l-DOPA)  (Macko  et  I967)  in  0,03  M 
phosphate  buffer,  pH  6,0. 

E.  AMINO  ACID  ANALYSES  OF  SCLEROTIA  AND  APOTHECIA 

It  appears  that  sclerotia  of  S,  sole rotio rum  require  a  maturation 
period  (Purdy  1936),  Since  there  were  only  minor  differences  in  protein 
patterns  (see  Figo  13 )»  the  possibility  that  this  maturation  period 
involved  changes  in  amino  acids  was  considered.  Therefore  analyses 
for  the  readily  detectable  free  and  bound  amino  acids  were  carried  out 
on  sclerotia  and  apothecia  harvested  at  the  same  time  as  those  used 
for  protein  analyses  from  cultures  grown  on  the  synthetic  medium.  The 
procedure  used  for  extraction  of  free  and  bound  amino  acids  is  as  follows, 

(a)  Extraction  of  amino  acids 

Sclerotia  removed  from  the  cultures  were  ground  in  the  Krups 
grinder  and  2  g  of  this  material  was  suspended  in  3  ml  H^O,  This 
mixture  was  frozen  at  -48°C  for  24  hours  and  then  passed  through  a 
chilled  Hughe's  press.  Sufficient  93^  ethanol  was  added  to  the  dis¬ 
rupted  cells  to  give  a  final  concentration  of  80%  alcohol,  and  additional 
80^  ethanol  was  added  to  give  a  final  volume  of  30  ml.  After  stirring 
for  one  hour,  the  solid  particles  were  allowed  to  settle  and  the  super¬ 
natant  was  decanted.  Fifty  ml  of  80^  ethanol  was  added  to  the  precipi¬ 
tate  and  the  stirring  and  decanting  procedures  were  repeated,  A  final 
volume  of  30  ml  of  80^  ethanol  was  added  to  the  precipitate  and  the 
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mixture  was  stirred  overnight.  The  solid  and  liquid  portions  were 
separated  by  filtration  using  a  Whatman  #2  filter  paper.  The  above 
supernatant  fractions  were  combined  and  filtered.  The  filtrate  was 
evaporated  to  dryness  at  40°C  using  a  flash  evaporator.  The  residue 
was  taken  up  in  2  ml  10%  isopropanol,  and  this  fraction  was  used  for 
free  amino  acid  determinations.  The  alcohol  insoluble  fraction  was 
removed  from  the  filter  paper  and  placed  in  small  ampules  to  which  was 
added  20  ml  6  N  constant  boiling  HCl.  The  ampules  were  evacuated  and 
sealed.  These  samples  were  hydrolysed  by  autoclaving  for  24  hours  at 
121°C.  After  cooling,  the  samples  were  filtered  using  Whatman  #2  fil¬ 
ter  paper.  This  residue  was  washed  with  100  ml  80%  ethanol  and  again 
filtered.  The  filtrates  were  com.bined  and  evaporated  to  dryness  at 
50®C  using  a  flash  evaporator  to  remove  the  HCl.  The  resulting  residue 
was  dissolved  in  80%  ethanol  and  again  evaporated  to  dryness.  The 
dissolving  in  ethanol  and  evaporation  v/ere  repeated.  The  final  residue 
was  taken  up  in  2  ml  10^  isopropanol.  The  pH  of  the  bound  amino  acid 
sample  was  adjusted  to  6.0  with  N  KOH,  and  the  resulting  precipitate 
removed  by  filtration  with  Whatman  #2  filter  paper  was  discarded, 

Apothecia  were  also  analysed  for  free  and  bound  amino  acids  using 
the  above  procedures,  except  that  the  apothecia  were  not  ground  in  the 
Krups  grinder. 

Free  and  bound  amino  acids  were  analysed  using  thin  layar  chroma¬ 
tography  (TLC)  ascending  method,  as  described  by  Pataki  (1966). 

(b)  Preparation  of  the  TLC  plates 

In  this  procedure  the  TLC  plates  were  prepared  using  silica 
gel  G  (Brinkmann  Instruments  Limited).  A  20  g  sample  of  silica  gel  G  was 
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suspended  in  40  ml  H^O,  and  this  amount  was  sufficient  to  give  a  gel 
thickness  of  0.25  mm  covering  five  20  x  20  cm  glass  plates.  The  plates 
were  dried  and  activated  at  105°C  in  a  forced-air  oven  for  30  minutes. 

They  were  stored  until  required  in  an  air-tight  cabinet  containing 
CaSO^^  as  a  desiccant. 

(c)  Development  of  the  TLC  plates 

An  aliquot  of  an  amino  acid  sample  was  spotted  in  the  lower 
right  hand  corner,  2  cm  from  either  edge,  of  an  activated  TLC  plate.  Since 
the  amino  acid  content  of  the  extracts  varied,  aliquots  ranging  from  3-30 
ul  were  used.  The  TLC  plates  were  developed  in  two  directions.  The  first 
solvent,  which  was  butanol:  acetic  acid:  H^O  (4:1:1),  was  allowed  to  run 
until  the  solvent  front  had  travelled  to  within  3  cm  of  the  top  edge  of 
the  plate.  The  plates  were  air-dried  thoroughly  at  room  temperature  using 
forced  air.  In  the  second  direction,  perpendicular  to  the  first,  the  sol¬ 
vent  used  was  S0%  phenol  (pH  3»3)  containing  20  mg  NaCN  per  100  ml  solvent o 
The  phenol  was  prepared  by  heating  80  g  of  reagent  grade  phenol  (Mallinc- 
krodt  Chemical  Works)  with  20  ml  H^O,  The  TLC  plates  were  thoroughly  air- 
dried  as  before  and  then  sprayed  with  0.3%  ninhydrin  in  100  ml  butanol 
containing  3  nil  acetic  acid.  The  plates  were  then  heated  to  110°C  for  10 
minutes  to  develop  the  amino  acid-ninhydrin  color  complex.  The  values 
for  each  spot  were  compared  to  those  of  amino  acids  in  a  standard  solution. 
This  solution,  containing  the  known  amino  acids,  was  prepared  by  adding 
1  mg  of  a  known  amino  acid  per  ml  of  10^  isopropanol.  The  amino  acids  of 
this  standard  solution  were  separated  and  identified  on  the  TLC  plates 
using  the  above  solvent  systems.  The  value  for  each  known  amino  acid 
was  determined. 

Two  TLC  plates  were  used  for  each  amino  acid  sample  and  the  above 
extraction  and  chromatographic  procedures  were  repeated  once. 
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F.  FAGTOES  AFFECTING  APOTHECIA  PEODUCTION 

In  this  study  and  those  of  Young  (193'^>  1936),  Purdy  (I936),  Bedi 
(1962),  and  Williams  and  Western  (I963)  it  was  found  that  the  produc¬ 
tion  of  apothecia  of  S.  sclerotiorum  was  affected  by  substrate.  Also 
apothecia  production  was  increased  when  sclerotia  were  placed  in  soil 
treated  with  1, 3-dichloropropene ,  a  fumigant  used  for  nematode  control 
(Paktyka  and  Mai  1938).  Sproston  and  Pease  (1937)  found  that  an  alter¬ 
nating  temperature  was  required  during  the  development  of  sclerotia  of 
S.  trifoliorum  for  successful  production  of  apothecia.  The  following 
studies  were  made  to  determine  the  effects  of  some  compounds  and  temper¬ 
ature  on  apothecia  production  of  ^  sclerotiorum. 

(a)  Plant  extracts 

A  study  was  made  to  determine  if  plant  extracts  would  affect 
apothecia  production  of  S.  sclerotiorum.  However,  the  stage  at  which 
the  plant  extracts  could  inhibit  or  promote  apothecia  production  is  not 
known.  That  is,  would  the  extracts  have  a  greater  effect  on  apothecia 
production  if  they  were  present  during  the  growth  of  the  sclerotia,  or 
is  the  effect  greater  on  mature  sclerotia? 

(i)  Sclerotia  grown  on  the  synthetic-agar  medium  plus  plant 
extracts.  Sclerotia  were  grown  on  the  synthetic  medium  to  which  was 
added  aqueous  extracts  of  mature  barley  roots  and  aboveground  parts 
respectively,  mature  rape  roots  and  aboveground  parts  respectively,  and 
immature  sunflower  aboveground  parts.  The  control  was  the  synthetic 
medium  only. 

For  preparing  the  plant  extracts,  the  roots  and  aboveground  parts 
of  the  plants  were  separated,  air-dried  for  24  hours,  and  oven-dried  at 
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60°C  in  a  forced  air  oven  for  24  hours.  Each  was  ground  in  a  Wiley 
mill  using  a  60  mesh  screen.  Three  grams  of  the  resulting  powder  were 
extracted  with  200  ml  of  H^Oo  The  extraction  was  carried  out  by  con¬ 
stantly  stirring  the  powder-H^O  mixture  for  4  hours  at  room  temperature. 
The  extract  was  separated  from  the  cellular  fraction  by  filtration 
through  a  Whatman  #2  filter  paper  and  then  was  sterilized  by  filtration 
using  a  0o22  mu  millipore  filter,  A  portion  of  this  filtrate  was  added 
to  the  warm  and  still  liquid  agar-synthetic  medium  (l  :  l)  and  steril¬ 
ized  by  autoclaving.  For  this  study  the  synthetic  medium  was  prepared 
at  2  X  the  normal  concentration  so  that  when  diluted  with  the  plant 
extracts,  the  normal  concentration  of  synthetic  medium  would  be  obtained. 
Cultures  of  S.  sclerotiorum  were  grown  on  this  medium  at  15° C.  The 
sclerotia  from  70-day  old  cultures  were  removed  and  placed  into  sterile 
H^O  and  kept  at  15°C  under  artificial  illumination  (see  page  5)  for 
30  dayso 


(ii)  Mature  sclerotia  germinated  in  the  plant  extracts. 
Sclerotia  from  70-day  old  cultures,  grown  on  the  synthetic  medium  at 
15°C,  were  placed  in  a  series  of  petri  plates  containing  20  ml  aliquots 
of  plants  extracts  for  30  days.  A  portion  of  the  extracts  were  diluted 
with  H^O  so  that  the  ratios  of  extracts  to  H^O  were  1:1,  1:2,  l:9j  and 
1:99.  Controls  included  sclerotia  placed  in  undiluted  extracts  and 
H^O  respectively. 

(b)  Glucose  concentration 

Sclerotia  from  cultures  grown  at  15 °C  on  a  malt-yeast  agar 
medium  containing  0,  10,  20,  and  30  g  glucose  per  liter  were  placed 
into  sterile  H^O  and  incubated  at  15°C  in  the  light. 
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(c )  1,3-dichloropropene 

Sclerotia  taken  from  70-day  old  cultures  grown  on  the  syn¬ 
thetic  medium  were  soaked  in  a  0,1%  1,3-dichloropropene  solution  for 
3  days  at  13°C.  The  concentration  of  0.1%  1,3-dichloropropene  was 
extrapolated  from  data  given  by  Paptyka  and  Mai  (1938)  who  used  this 
chemical  in  their  fumigation  studies.  The  sclerotia  were  placed  into 
sterile  H^O  and  incubated  at  13°C  in  the  light.  The  controls  were 
sclerotia  soaked  in  H^O. 

(d)  Effects  of  light  and  dark 

In  experiments  reported  by  Henderson  (1962)  and  Bedi  (I962), 
it  was  found  that  sclerotia  incubated  in  the  dark  produced  long  thread¬ 
like  initials,  but  apothecial  heads  (i.e,  apothecia  with  asci  and  asco- 
spores)  were  not  formed.  However,  if  sclerotia  were  incubated  in  the 
light,  normal  saucer-shaped  apothecia  were  formed.  Therefore  a  compar¬ 
ative  study  was  carried  out  to  determine  the  effects  of  light  and  dark 
treatments  on  the  ability  of  sclerotia  to  produce  mature  apothecia. 

-Chemical  treatments.  It  has  been  found  that  various  com¬ 
pounds  could  be  used  to  replace  light  in  fructification  of  certain 
fungi  (Zafar  and  Colotelo  1969,  and  Khan  I966).  Using  Zafar  and  Colo- 
telo's  approach,  horseradish  peroxidase  (Nutr.  Biochem,  Corp.), 
peroxidase  plus  H^O^,  indole  acetic  acid  (lAA),  polyphenol  oxidase 
(Nutr.  Biochem,  Corp.),  and  fungal  catalase  (Nutr.  Biochem.  Corp.), 
respectively  were  used  to  determine  whether  these  compounds  could  sub¬ 
stitute  for  light  in  the  production  of  apothecia  of  S.  sclerotiorum. 

The  following  concentrations  of  the  compounds  were  used;  peroxidase 
(activity-  10  purpurogallin  units  per  ml),  (^.1%),  peroxidase 

(activity-  10  purpurogallin  units  per  ml)  plus  H^O^  (0,1%),  lAA  (23 
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and  50  ppm  respectively),  polyphenol  oxidase  (10  units/ml),  and  fungal 
catalase  (10  units/ml).  Sclerotia  taken  from  70-day  old  cultures,  grown 
on  a  synthetic  medium  were  placed  into  petri  plates  containing  20  ml 
of  each  of  the  above  solutions  and  kept  in  the  light  and  dark  at  15°C 
for  30  days.  The  controls  contained  only  H^O.  The  dark  experiments 
using  various  chemicals  were  repeated  once, 

H.  PIGMENTATION  OF  SCLEROTIA 

In  the  development  of  sclerotia,  young  sclerotia  become  pigmented, 
light  green,  and  in  a  short  period  of  time,  e.g.  2  days,  are  black. 

A  study  was  made  to  determine  the  effects  of  various  compounds  on  the 
growth  and  pigmentation  of  sclerotia.  The  compounds  selected  for  this 
study  were  ones  which  have  been  reported  to  affect  fructification  by 
various  means  e.g.  enzyme  inhibition  and  melanin  synthesis.  The  com¬ 
pounds  used,  references  as  to  their  use,  and  purpose  used  are  shown 
in  Table  I. 

The  compounds  and  concentrations  used  are  as  follows:  phenylthiourea 

_A  _4 

(10  "^M) ;  sodium  diethyldithiocarbamate  (dieca)  (10  M,  2  x  10  M, 

10  ^  M,  2  X  10  ^  M,  and  3  x  10  ^  M) ;  cysteine  (10  ^  M  and  10  ^  M) ; 

— b  -b 

thiouracil  (10  M) ;  thiourea  (10  M);  dime thylsulf oxide  (10  M) ; 

potassium  cyanide  (10  M);  disodium  ethylenediaminetetraacetate  (Na^- 

EDTA)  (10  ^  M) ;  peroxidase  (activity-  10  purpurogallin  units/ml); 
polyphenol  oxidase  (activity-  10  units/ml);  catalase  (activity-  10 

units/ml);  iodoacetic  acid  (10  M  and  10  M) ;  and  iodoacetamide  (10  M 

_4 

and  10  M)o  In  the  preparation  of  these  solutions,  the  stock  solution 
(2  X  concentration  desired)  was  sterilized  using  a  0,22  mu  millipore 
filter  and  diluted  with  an  equal  volume  of  sterile  (autoclaved),  liquid 
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COMPOUND 


EEFERENCE 


PURPOSE  USED 


sodium  diethyldi- 
thiocarbamate 


James  1993 
Bonner  1937 
Carley  et  al.  196? 


enzyme  inhibition 
enzyme  inhibition 
pigment  inhibition 


phenyl thiourea 


Lerner  &  Fitzpatrick  1930 
Bonner  1937 
Hirsch  1939 


melanin  inhibition 
enzyme  inhibition 
melanin  inhibition 


cysteine 


Lerner  &  Fitzpatrick  1930 
Hirsch  1939 
Chet  et  al.  I966 


melanin  inhibition 
melanin  inhibition 
inhibition  of  growth 


Lerner  &  Fitzpatrick  1930 
Bonner  1937 


thiouracil 

dimethlysul f oxide 
potassium  cyanide 


Carley  et  I967 

Hirsch  1937 
Carley  et  al,  I967 


melanin  inhibition 
enzyme  inhibition 

pigment  inhibition 

melanin  inhibition 
pigment  inhibition 


disodium  ethylenedi- 
amine tetraacetate 


Hirsch  1937 

Urey  &  Horowitz  I967 

Chet  &  Henis  19 68 


melanin  inhibition 
inhibition  of  tyrosinase 
induction  of  sclerotia 


peroxidase 


MacMillan  &  Brandt  I966  melanin  synthesis 


polyphenol  oxidase 


Lerner  &  Fitzpatrick  1930  melanin  synthesis 
Chen  &  Chavin  I963  melanin  synthesis 


catalase 


Saunders  et  al.  1964 


substitute  for  peroxidase 


iodoacetic  acid 


James  1933 
Chet  e^  al.  I966 
Chet  &  Henis  I968 


enzyme  inhibition 
induction  of  sclerotia 
induction  of  sclerotia 


iodoacetaraide 


James  1933 
Chet  &  Henis  I968 


enzyme  inhibition 
induction  of  sclerotia 


Table  I,  Compounds  used  in  pigmentation  and  growth  studies, 
references  as  to  their  use,  and  purpose  used. 
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malt-yeast  medium.  A  40-ml  aliquot  of  this  medium  was  added  per  petri 
plate.  A  single  sclerotium  was  placed  in  each  petri  plate  and  incu¬ 
bated  at  20°C  for  20  days.  The  mycelium  and  sclerotia  were  separated 
and  the  dry  weights  were  taken  as  previously  outlined.  Two  petri  plate 
were  used  for  each  treatment  and  the  experiment  was  repeated  once. 


% 


1 


'  "*  '  m 

t\ir.i  C  inw  ft.  K  m  Xn-"-'  /  .  ^  •-'*  '* 

■  -lioriJt  uoito  iii  ■  asv,  A  . 

L-’olAie.jt*#*  <rc^vi  Al-ioT5»x>i'  I'U '  ^j’  f-ufgti 

Jr^J<^^l  Ow^J  .  o.ixXino  ^Gi/«JLv:  r.i  ^  .fWCttw  ‘:t  ^  ‘-«:J  iiiAv 

.  '‘•'i?'^  .i  •;ttl!Mnir»l^'^'>  f^-U.  lilJJ.  li;?£»  '£©1  ctijjj  t»"r?rK 


W'H 


:■% 


“k  f 


-21- 


RESULTS  AND  DISCUSSION 


A.  GROWTH  STUDIES 

Stages  in  the  development  of  sclerotia  are  shovm  in  Fig,  2  (a-e). 
Four  days  after  inoculation  the  mycelial  colony  on  the  liquid  malt- 
yeast  medium  v;as  almost  the  full  diameter  of  the  petri  plate  (Fig.  2a). 

On  the  fifth  day,  small,  white  developing  sclerotia  were  observed 
(Fig.  2b),  At  this  stage  small  clear  liquid  droplets  could  be  seen 
on  the  surface  of  the  sclerotia.  This  liquid  has  been  observed  from 
a  number  of  sclerotia  producing  fungi  by  DeBary  (1887)1  MacDonald  (193^) j 
Young  (193^))  Brodie  (1933) >  Remsberg  (19^0),  and  Cooke  (1969).  Rems- 
berg  (19^0)  observed  a  crystalline  substance  when  liquid  from  developing 
sclerotia  of  Typhula  spp.  was  placed  on  a  glass  microslide  and  dried. 

The  liquid  from  sclerotia  of  S,  sclerotiorum  and  S.  trifoliorum  was 
found  to  contain  carbohydrates  (Cooke  I969).  In  unpublished  data, 
Colotelo  and  Voegelin  (1970)  found  this  liquid  to  be  of  a  very  complex 
nature,  containing  proteins,  enzymes,  carbohydrates,  amino  acids,  and 
inorganic  ions.  This  liquid  appears  therefore  to  be  involved  with  rapid 
development  of  sclerotia.  Cooke  (I969)  suggests  that  since  sclerotia 
are  resting  structures  and  show  a  reduced  level  of  hydration  compared 
with  vegetative  organs,  maturation  must  therefore  involve  some  water 
loss  and  one  obvious  method  is  active  excretion  through  the  sclerotium 
surface,  v/here  it  can  evaporate  or  leak  away.  Within  a  short  period 
of  time  (2-3  days),  these  droplets  increased  greatly  in  size  and  coa¬ 
lesced,  but  on  mature  sclerotia  no  liquid  was  observed.  This  phenom- 
ema  was  also  noted  by  Cooke  (I969).  MacDonald  (193^)  also  observed 
that  the  exudates  present  on  developing  sclerotia  of  Typhula  gyrans 
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Fig.  2  (a, b, c , d, e ) .  Cultures  of  S.  sclerotiorum  in  various  stages 
of  growth  on  a  liquid  malt-yeast  medium  at  15°C.  (a)  4-day  old  cultures, 

(b)  5-day  old  cultures,  (c)  6-day  old  cultures,  (d)  7-day  old  cultures, 
and  (e)  8-day  old  cultures. 
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were  not  present  on  mature  sclerotia.  Six  days  after  inoculation  the 
sclerotia  had  enlarged  considerably  and  were  starting  to  turn  green  in 
color  (Fig.  2c),  and  on  the  seventh  day  they  were  green- black  (Fig,  2d), 
Sclerotia  harvested  8  days  after  inoculation  were  completely  black 
(Fig.  2e).  In  Sclerotium  rolfsii  the  pigment  extracted  from  sclerotia 
was  found  to  be  melanin-like  in  nature  (Chet  £t  I967).  Results 

for  studies  on  pigmentation  of  sclerotia  of  S,  sclerotiorum  are  pre¬ 
sented  in  a  later  section  (page  39)*  It  appeared  that  sclerotia  had 
reached  their  maximum  si^e  by  the  fifteenth  day,  after  which  the  scle¬ 
rotia  were  probably  in  a  maturation  period.  This  is  supported  by  the 
following  data. 

(a)  Fresh  and  dry  weight  of  mycelium  and  sclerotia 

The  fresh  and  dry  weights  for  mycelium  and  sclerotia,  on  a 
colony  basis  and  percent  dry  weight  basis,  harvested  at  various  times 
after  inoculation,  are  shown  in  Fig.  3*  Each  point  in  Fig.  3  is  the 
average  of  4  weights. 

On  a  colony  basis  (Fig.  3)?  peaks  for  fresh  and  dry  weight  of 
mycelium  were  obtained  at  3  and  9  days.  The  fresh  and  dry  weights  of 
mycelium  were  highest  at  the  stages  when  the  sclerotia  were  rapidly 
increasing  in  weight  and  size.  After  9  days,  the  fresh  weight  of  mycel¬ 
ium  decreased  rapidly,  and  from  20-30  days  the  level  was  fairly  con¬ 
stant,  A  constant  level  for  fresh  weight  of  mycelium  was  obtained  after 
20  days,  but  a  constant  level  for  dry  weight  was  obtained  after  10  days. 
Beginning  on  the  fifth  day,  the  fresh  and  dry  weight  of  sclerotia  in¬ 
creased  rapidly  and  the  weights  were  fairly  constant  after  13  days 
(Fig.  3)»  Ike  fresh  and  dry  weights  of  sclerotia  from  one  colony  were 
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Fig.  3*  Fresh  and  dry  weights,  and  percent  dry  weights  of  mycelium  and  sclerotia  of 
sclerotiorum  grown  on  a  liquid  malt-yeast  medium  at  20°C. 
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considerably  higher  than  those  of  the  mycelium  of  that  colony. 

On  a  percentage  basis,  the  dry  weight  of  sclerotia  was  much  higher 
than  that  of  mycelium  (Fig,  3)«  The  percent  dry  weight  of  mycelium 
increased  until  such  time  that  the  sclerotia  began  to  develop  rapidly. 
Then  the  percent  dry  weight  decreased  rapidly.  The  rapid  decline  may 
have  been  due  to  senescence  in  which  the  mycelium  broke  down  and  re¬ 
leased  compounds  into  the  medium  and/or  due  to  translocation  of  chem¬ 
ical  components  of  m.ycelium  into  the  developing  sclerotia.  The  use  of 
radioactive  tracers  incorporated  into  the  sclerotia  would  clarify  this 
issue.  Concom.itant  with  the  decrease  in  percent  dry  weight  of  mycelium, 
there  was  an  increase  in  percent  dry  weight  of  sclerotia.  Relative  to 
age  of  cultures,  the  percent  dry  weight  of  sclerotia  increased  up  to 
8  days  and  then  remained  constant.  However,  the  dry  weight  of  sclerotia 
continued  to  increase  until  15  days  after  inoculation.  The  increase 
in  dry  weight  of  sclerotia  was  possibly  due  to  an  increase  in  number  of 
cells,  cellular  constituents,  and  cell  wall  thickening,  A  possible 
explanation  of  the  increase  in  percent  dry  weight  of  sclerotia  is  that 
the  liquid,  seen  on  the  surface  of  developing  sclerotia  and  which  con¬ 
tains  cellular  constituents  (Colotelo  and  Voegelin  1970),  could  possibly 
be  exuded  by  the  sclerotia.  Colotelo  and  Voegelin  collected  approxi- 
m.ately  2,0  ml  of  this  liquid  from  developing  sclerotia  from  one  large 
petri  plate  (I58  mm  i.d,). 

( b )  Apothecia  production 

For  reasons  stated  earlier  (page  5))  cultures  of  S.  sclero- 
t io rum  were  grown  on  the  synthetic  medium  for  studies  on  apothecia 
production.  Using  the  synthetic  medium,  the  stages  of  sclerotial 
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development  were  similar  to  that  obtained  using  the  above  liquid  malt- 
yeast  medium;  however,  growth  was  slightly  slower.  The  production  of 
black  sclerotia  took  2-3  days  longer  than  from  cultures  grown  on  the 
liquid  malt-yeast  medium. 

Sclerotia  from  70-day  old  cultures  kept  in  sterile  H^O  for  30  days 
produced  typical  mature  apothecia  (Fig.  4),  Some  sclerotia  produced  as 
many  as  7  apothecia  per  sclerotium,  whereas  others  produced  none.  The 
percent  germination  of  sclerotia  of  this  isolate  appears  to  be  low  as 
compared  to  the  studies  by  Bedi  (I962  and  I963).  In  his  studies  he 
obtained  100%  germination  of  the  sclerotia  placed  in  H^O  and  these  scle¬ 
rotia  produced  from  1  to  13  apothecia.  Purdy  (1936)  found  that  some 
isolates  of  S,  sclerotiorum  form  apothecia  readily  and  rapidly,  whereas 
sclerotia  of  other  isolates  form  apothecia  more  slowly  and  sporadically. 
It  would  appear,  therefore,  that  further  nutritional  and/or  environ¬ 
mental  studies  on  sclerotia  of  the  isolate  used  in  these  studies  would 
be  in  order  to  try  to  increase  apothecia  production. 

Measurements  of  expanded  apothecia  (Fig,  4),  and  asci  and  asco- 
spores  (Fig,  3)  of  S.  sclerotiorum  are  as  follows:  The  asci  were  8.2  u 
X  130  u  and  the  ascospores  were  4. 4-3*0  u  x  8.8  u.  Paraphyses  were 
present.  The  size  of  ascospores  and  asci  of  S.  sclerotiorum  are  in 
agreement  with  the  sizes  reported  by  Ramsey  (1923),  Keay  (1939)}  and 
Purdy  (1933)  for  their  isolates. 

Sclerotia  of  Sb^  and  Sb^  from  l63-day  old  cultures  grown  on  the 
malt-yeast-agar  medium,  kept  in  sterile  H^O  for  73  days,  produced  mature 
apothecia  (Figs.  6  and  8  respectively).  Several  asci  containing  asco- 
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Fig,  4,  Apothecia  of  S.  sclerotiorum  still  attached  to  sclerotium 
taken  from  70-day  old  cultures,  grown  on  the  synthetic-agar  medium  at 
15°C  and  germinated  in  H^O.  Magnification 
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Fig,  Asci  containing  ascospores,  and  paraphyses  in  crushed 

apothecia  of  S,  sclerotiorum.  Magnification  400X, 
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spores,  as  seen  in  the  crushed  apothecia  (Figs.  7  and  9  respectively), 
were  measured.  The  asci  of  Sb^  measured  llo2-12.9  u  x  222.7-237.5  a, 
and  ascospores  measured  7.8-8. 1  u  x  13  u.  The  asci  of  measured 
11.2-12o0  u  X  227.3-247o3  u  and  the  ascospores  measured  7. 3-8.1  u  x 
14o4-16o3  u.  Paraphyses  were  present  in  both  isolates.  The  measure¬ 
ments  for  ascospores  of  Sb^  and  Sb^  are  slightly  smaller  than  that  given 
for  So  borealis  by  Groves  and  Bowerman  (1933)  and  Sprague  et  (I96I). 
However,  the  size  of  the  asci  are  in  agreement  with  those  given  by  these 
workers o  From  the  measurement  data,  the  Sb^  isolate  obtained  from 
Smokey  Lake,  Alberta  is  very  similar  to  the  isolate  (Sb^)  obtained  from 
Beaverlodge,  Alberta.  It  should  be  noted  here  that  under  natural  con¬ 
ditions  S.  sclerotiorum  produced  apothecia  in  the  spring  and  early 
summer  (Ramsey  1923}  Williams  and  Western  I963)  and  S.  borealis  produces 
apothecia  in  the  very  late  fall  (Sprague  et  al.  I96I). 


B.  SOLUBLE  PROTEINS 

The  results  for  total  amounts  of  soluble  proteins  extracted  from 
mycelium  and  sclerotia  of  a  single  colony  are  shown  in  Fig.  10.  Results 
are  also  expressed  on  a.  dry  weight  basis  (Fig.  11).  As  with  the  fresh 
and  dry  weights  of  mycelium  (Fig.  3)j  two  peaks  for  amounts  of  soluble 
protein  per  colony  were  obtained  in  3-day  and  9-day  old  cultures  re¬ 
spectively.  On  a  colony  basis  there  was  slightly  more  protein  in  the 
mycelium  of  3-day  old  cultures  as  comipared  to  those  harvested  at  9  days. 
The  protein  content  of  sclerotia,  on  a  colony  basis,  increased  rapidly 
and  was  fairly  constant  after  13  days  and  after  6  days  was  higher  than 
that  observed  for  mycelium. 


The  protein  content  of  mycelium,  on  a  dry  weight  basis  was  higher 
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taken  from  l69-day  old  cultures  grown  on  a  malt-yeast-agar  medium  at 
10°C  and  germinated  in  H^O.  Magnification  2,5X. 


Fig.  7*  Asci  containing  ascospores,  and  paraphyses  in  crushed 
apothecia  of  S.  borealis  (Sb^).  Magnification  930X. 
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Fig.  8,  Apothecia  of  S,  borealis  (Sb^^)  produced  by  sclerotia 
taken  from  l63-day  old  cultures  grown  on  a  malt-yeast-agar  medium  at 
10°C  and  germinated  in  H^O.  Magnification  2.3X. 


Fig.  9«  Asci  containing  ascospores,  and  paraphyses  in  crushed 
apothecia  of  S,  borealis  (Sb^),  Magnification  370X, 
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sclerotia  from  cultures  of  S,  sclerotiorum  grown  on  a  liquid  malt- 
yeast  medium  at  20°C. 
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Total  soluble  proteins  (mg/g  dry  wt)  of  mycelium  and 


sclerotia  from  cultures  of  S.  sclerotiorum  grown  on  a  liquid  malt- 
yeast  medium  at  20°C. 
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than  that  observed  for  sclerotia.  A  very  high  level  of  protein  was 
obtained  at  10  days  and  maintained  for  10-20  days  after  which  there 
was  a  slow  decline.  Prior  to  10  days,  the  protein  values  for  mycelium 
were  reciprocal  to  those  of  mycelial  dry  weights  (Fig,  3)*  The  in¬ 
crease  in  protein  of  mycelium  as  expressed  on  a  unit  dry  weight  basis, 
as  shown  in  Fig.  11,  was  rapid.  This  increase  could  result  from  a  move¬ 
ment  of  non-proteinacious  materials  from  the  mycelium  to  the  sclerotia 
with  the  protein  content  of  the  mycelium  being  unchanged.  This  is  sug¬ 
gested  by  the  drop  in  the  dry  weight  of  mycelium  (Fig,  3)  between  9 
and  10  days.  The  total  protein  content  in  mycelium  per  colony  shows 
that  there  Mas  a  drop  in  protein  content  during  this  same  period  but  it 
was  not  proportional  to  the  loss  in  dry  weight  of  the  mycelium.  After 
this  period  (from  9-10  days)  the  mycelium  probably  began  to  senesce. 

On  a  dry  weight  basis  maximum  total  soluble  protein  content  of  sclerotia 
was  obtained  in  lO-day  old  cultures,  and  in  10-  to  30-day  old  cultures 
the  protein  level  was  constant. 

The  only  other  data  for  total  protein  content  of  mycelium  and 
sclerotia  which  is  available,  appears  to  be  that  of  Chet  and  Henis 
(1966)  for  mycelial  and  sclerotial  cell  walls  of  Sclerotium  rolfsii. 

They  found  that  on  a  dry  weight  basis  mycelial  and  sclerotial  cell  walls 
contained  2,7  and  2,6  percent  total  proteins  respectively. 

The  total  soluble  proteins  (mg/g  fresh  weight)  of  sclerotia  from 
cultures  of  S,  sclerotiorum  grown  on  a  liquid  malt-yeast  medium  at 
20°C  and  a  synthetic-agar  medium  at  13°C  were  compared  (Fig,  12),  The 
protein  content  of  the  sclerotia,  from  cultures  grown  on  the  liquid 
malt-yeast  medium,  increased  at  a  much  faster  rate  than  for  sclerotia 
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Fig.  12.  Total  soluble  proteins  (mg/g  fresh  wt)  of  sclerotia  from  cultures  of  S.  sclerotiorum 
grown  on  a  liquid  malt-yeast  medium  at  20°C  and  a  synthetic  medium  at  13°C. 
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cultured  on  the  synthetic  medium.  This  was  probably  due  to  the  fact 
that  the  liquid  malt-yeast  medium  is  a  more  ’complete’  medium  than  the 
synthetic  medium.  The  liquid  malt-yeast  medium  contains  more  nutrients 
and  growth  factors  than  are  present  in  the  synthetic-agar  medium.  The 
decrease  in  protein  of  sclerotia  taken  from  cultures  grown  on  the  syn¬ 
thetic-agar  medium  between  70  and  100  days  was  probably  due  to  an  up¬ 
take  of  H^O  and/or  a  movement  of  proteins  from  the  sclerotia  to  the 
apothecia.  The  uptake  of  H^O  is  considered  since  sclerotia  were  placed 
in  H^O  for  the  production  of  apothecia.  One  of  the  discrepancies  in 
this  study  is  that  comparisons  are  made  between  sclerotia  produced  by 
cultures  grown  on  the  liquid  malt-yeast  medium  and  the  solid  synthetic 
medium.  On  a  solid  medium  less  nutrients  would  be  available  as  compared 
to  cultures  grown  on  the  liquid  medium. 

In  the  Lowry  e^  (1931)  method  for  total  protein  determinations 
many  substances  such  as  uric  acid,  guanine,  xanthine,  phenols  (except 
nitrophenols) ,  ammonium  sulfate,  tyrosine,  and  tryptophan  increase 
color  intensity  and  glycine  decreases  color  intensity.  Using  this  pro¬ 
cedure,  sucrose  has  also  been  found  to  interfere  with  color  development 
(Gerhardy  and  Beevers  I968).  The  color  varies  with  different  proteins 
and  is  not  directly  proportional  to  protein  concentration  (Lowry  £t  al. 
1931  )•  With  the  concentrations  of  proteins  between  10  and  300  mg,  the 
standard  curve  is  a  straight  line  in  which  the  color  intensity  is  pro¬ 
portional  to  concentration  and  the  error  is,  therefore,  kept  to  a  min¬ 
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C.  DISC  GEL  ELECTROPHORESIS 

(a)  Soluble  proteins 

In  general,  the  number  and  the  electrophoretic  patterns  of 
protein  bands  of  buffer  soluble  proteins  extracted  from  mycelium  har¬ 
vested  at  various  times  were  very  similar  but  in  the  30— day  old  cultures 
there  was  a  marked  reduction  in  numbers  of  bands  (Fig.  13).  Except 
in  mycelium  of  and  23-day  old  colonies,  there  were  three  prominent 
protein  bands.  The  remaining  bands  were  faint  in  outline  since  they 
had  not  taken  up  the  amido  black  to  the  same  extent  as  the  prominent 
bands.  The  maximum  number  of  bands  occurred  in  3-day  old  colonies  at 
which  time  sclerotia  were  first  evident.  The  changes  in  numbers  of 
bands  occurred  in  the  lower  thirds  of  the  gels  with  the  number  of  bands 
in  the  center  portion  remaining  fairly  constant.  There  were  signifi¬ 
cantly  fewer  bands,  only  8,  in  mycelium  harvested  from  30-day  old  cul¬ 
tures.  From,  the  mycelium  of  30-day  old  cultures,  no  protein  bands  were 
observed  in  the  lower  third  of  the  gel.  As  well,  there  was  a  decrease 
in  numbers  of  bands  in  the  upper  third  of  the  gel  as  compared  to  mycel¬ 
ium  harvested  at  earlier  dates. 

The  total  protein  content  of  mycelium,,  as  determined  by  the  Lowry 
et  al.  (1931)  method,  decreased  rapidly  after  10  days  (Fig.  10).  How¬ 
ever,  this  decrease  was  not  reflected  in  a  reduction  in  number  of  pro¬ 
tein  bands,  obtained  on  the  polyacrylamide  gels,  until  the  cultures  were 
30  days  old.  Between  10  and  13  days  after  inoculation,  when  the  great¬ 
est  reduction  in  total  proteins  per  colony  occurred,  there  were  very 
few  changes  in  protein  patterns,  except  for  the  loss  of  two  bands  in 
the  lower  region  of  the  gels  for  13-day  old  cultures.  This  loss  may  be 
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Fig,  13.  Disc  gel  electrophoretic  patterns  of  soluble  proteins  of  mycelium 
of  S.  sclerotiorum  from  cultures  grown  on  a  liquid  malt-yeast  medium  at  20°C, 
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responsible  for  the  decrease  in  total  protein  values  between  10  and  13 
days  as  shown  in  Fig,  10.  This  also  indicates  that  if  there  was  a 
movement  of  proteins  into  the  sclerotia,  or  if  there  was  a  decomposition 
of  proteins,  it  was  such  that  the  ratio  of  different  proteins  in  the  my¬ 
celium  remained  fairly  constant.  The  decrease  in  number  of  bands  of 
soluble  proteins  from  mycelium  from  30-day  old  cultures  indicates  sen¬ 
escence  of  the  mycelium. 

Fig.  l4  shows  the  patterns  of  soluble  proteins  of  sclerotia  re¬ 
moved  from  those  cultures  from  which  the  mycelium  was  analyzed  for  pro¬ 
teins  by  disc  gel  electrophoresis.  The  most  noticeable  feature  of  pro¬ 
tein  patterns  for  sclerotial  extrac-ts  is  that  there  were  three  similar 
prominent  bands  present  in  the  gels  throughout  the  study.  Of  these 
three  bands,  two  are  wide  and  heavily  stained  with  amido  black.  The 
major  bands  of  sclerotia  were  identical  to  those  of  mycelium;  however, 
in  mycelium  these  bands  were  very  narrow  but  in  sclerotia  two  bands 
increase  in  width  very  markedly  after  3  days.  For  older  sclerotia  i.e, 
those  harvested  from  20-,  23-)  and  30-day  old  cultures,  there  was  an  in¬ 
crease  in  heavily  stained  bands  occurring  in  the  lower  portion  of  the 
gels.  The  largest  number  of  bands  was  observed  for  sclerotia  harvested 
from  6-day  old  cultures  at  which  time  the  developing  sclerotia  had 
started  to  turn  green  in  color.  After  3  days,  the  numbers  and  patterns 
of  proteins  were  constant  in  the  center  portion  of  the  gels. 

The  protein  patterns  obtained  from  extracts  of  sclerotia  from 
colonies  grown  on  the  synthetic  medium  at  13°C  are  shown  in  Fig.  13. 
There  were  fewer  bands  present  in  extracts  from  scl.erotna  cultured  on 
the  synthetic  medium  at  13°C  than  from  sclerotia  cultured  on  the  liquid 
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Fig,  13.  Disc  gel  electrophoretic  patterns 
of  soluble  proteins  of  sclerotia  of  S,  sclerotiorum 
from  cultures  grown  on  a  synthetic-agar  medium  at 
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malt-yeast  medium  at  20°C,  The  three  prominent  bands  present  in  the 
center  of  the  gels  from  sclerotia  of  10-,  20-,  30-,  and  40-day  old 
cultures  were  similar  to  those  found  for  sclerotia  cultured  on  the 
liquid  malt-yeast  medium.  In  sclerotia  from  30- ,  6O-,  and  70-day  old 
cultures,  only  two  of  these  prominent  bands  were  present.  There  was 
a  considerable  difference  in  numbers  and  patterns  of  lightly  stained 
bands  for  sclerotia  cultured  on  the  synthetic  medium  and  the  liquid 
malt-yeast  medium,  A  noticeable  difference  was  the  presence  of  two 
lightly  stained  bands  between  the  central  prominent  bands,  whereas 
three  bands  were  observed  in  sclerotia  from  cultures  grown  on  the  liquid 
malt-yeast  mediunio  It  appears  that  even  after  sclerotia  reached  their 
full  size,  changes  occur  within  the  sclerotia.  These  changes,  although 
readily  observed  in  sclerotia  grown  on  the  liquid  malt-yeast  medium, 
are  not  as  evident  for  sclerotia  cultured  on  the  synthetic  medium. 


(b)  Comparative  studies  of  S,  sclerotiorum  and  Cb^  and  Sbj^ 

The  protein  patterns  observed  in  extracts  from  apothecia  and 
sclerotia  from  which  the  apothecia  were  removed,  for  S.  sclerotiorum, 
Sb^,  and  Sb^^  are  shown  in  Fig,  I6.  For  comparision,  the  protein  pat¬ 
terns  of  sclerotia  prior  to  their  being  placed  in  water  are  also  shown 
(procedure  for  producing  apothecia — see  page  3)»  The  protein  patterns 
of  sclerotia  prior  to  germination  of  isolates  Sb^  and  Sb^  were  very 
similar,  but  the  protein  patterns  differed  considerably  from  that  of 
S.  sclerotiorum.  However,  in  the  sclerotia  from  which  the  apothecia 
were  removed,  the  protein  pattern  for  each  isolate  was  considerably 
different  from  the  others.  In  general,  the  numbers  of  bands  in  the 
sclerotia  of  S,  sclerotiorum  with  the  apothecia  removed  were  slightly 
lower,  but  in  Sb^  and  Sb^^  they  were  approximately  half  that  present 
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in  mature  and  ungerminated  sclerotia. 

Glynn  and  Reid  (I969)  considered  that  electrophoretic  patterns 
can  be  used  for  taxonomic  purposes  if  all  cultural  conditions  were 
identical.  In  their  electrophoretic  studies  of  a  low  temperature  ba- 
sidiomycete,  Sekhon  and  Colotelo  (I969)  found  that  different  ages  of 
cultures  resulted  in  differences  in  protein  patterns.  Incubation 
temperature  was  also  found  to  alter  the  protein  pattern  for  this  low 
temperature  basidiomycete  (Sekhon  and  Colotelo,  unpublished  data). 

In  comparing  protein  patterns  of  S.  sclerotiorum  with  Sb^  and  Sb^^  it 
should  be  noted  that  S,  sclerotiorum  was  cultured  on  a  different  medium 
and  at  a  different  temperature  than  were  the  S,  borealis  isolates. 
However  the  Sb^  and  Sb^  isolates  were  grown  under  identical  conditions. 
Therefore,  the  differences  observed  can  be  considered  to  be  due  to 


differences  between  the  isolates. 


(c)  Pe roxidase  and  polyphenol  oxidase  isozymes  of  S.  sclerotiorum 
Patterns  for  peroxidase  isozymes  of  extracts  from  sclerotia 
of  S,  sclerotiorum  of  various  ages,  produced  on  the  synthetic  medium 
at  15°C,  germinated  sclerotia  with  the  apothecia  removed,  and  apothecia, 
detected  by  benzidine-2HCl  and  pyrogallol  reagents,  are  shown  in  Figs. 

17  and  18  respectively.  There  was  a  differential  stain  reaction  with 
the  benzidine-2HCl  and  pyrogallol  reagents.  Peroxidase  isozymes  were 
detected  in  all  gels  stained  with  pyrogallol  but  none  with  benzidine- 
2HC1  in  sclerotia  from  90- ,  6O-,  and  70-day  old  cultures.  In  young 
sclerotia,  the  isozyme  patterns  were  similar  with  both  reagents  except 
for  sclerotia  from  10- ,  and  20-day  old  cultures  which  had  one  addi¬ 
tional  band  occurring  in  the  upper  third  of  the  gels  when  benzidine- 


■  'i.Jv''- 


,c.  J  ■}.' 


w*  •»  •  V  •'V-  »•'«  »•* « 


V-  rv  S* 


lii*"  -  i  -  n£id  (Alpl  * 


X 


;i«U^Xf/0  ili*  ^o-r.oiiwq  C-Aa*  ••.  ufiO 

wr>l.  n 'o  oT  -A 


JO  r.f)ii».  -^  -“'J*!  {slri^t)  ' •  iSic-ItK;  iL.-^.  ao4Ji-^'  , : 


a5i3*’j3t:af?  .  .^£dta^i  i-  r?'Ofl£^  ftx  fat»tfXxv  --; 


“4tV 

.  Ti  JT'  .  .  "t; 


<-  *  »  ■ 

.  .  .  1  4it‘;U4£U<’^t  -  <  ►^«&JjoO  ;>S12  IKilCTl^ft)  J  tli>JMB'S;i»l»i 

ii  DOS  -32l  if.'^iv  (n£ri«>i4£y5_*Io'  -o  iti:$4</iq  jp-iTc/'^soo  |<I 

'%  rtt>  £»  :  -  w  run ■r.HoT j'l  L  jlforfS 

.  ->jf '<■>  ?  s,  .a  -fiJ'  ?T£ivf  m*i11  ^•!.  •*'*!••■'* s  3«  titf* 

i 

.  "••^Jr^aoo  liMuH asUi:  tnjr*;  j&tjiftl  'xt  ^dS  tu*.  _.d2  •' 

t  ^ 

*••.■  * 
iu  viJti  ^  ot  i/^5Ai3Jioi|>  TAcdt  t.i/aa.JTftH'lb  ^  ^Mun^eCT 


j'.. 


ttcrrl  ic  SBiUT.iOEJt  ^Jf6l9|ianillq,r%oX 

ai/xram  •JlvCUwA^i  £43  n«'  l*B^ii>o,i  ,  >3=i  .luoi^tiv  A  jn/Aiilfffo. 


tn;§^s^t^Ci^«  »  fli  -fi-^v.uasi  tioarloffc  3i^j  il^fj  'J;  k' .-l-'Ci  bsd  a. Htsc  -J*' 


.  «x  Mrt-.  ty'i.  f  -nd^.-9^;|yg0,v3r  bii*  1.'“  -‘«’i:£:rc’Tv^  ^ 

09^ at-  ■  I  ii’*:f;Se  lx  y-nn^-,'^;h  ^  .TXa^X:JO*  .un  tt  fcmr  VX 


•^•f^br.vr-. :  .  \ie3^*ja  xcLi^vciv-v  i>n«  i:;ilS-9iiijcvi  ,:y«d  at^W 

I  ^ 

1 

,,^8IK>\t  aX  .  .4Xo  Uj-"  ,-o3  ^~c  ti4iarraX&e  oi 

tf9xixa  rfxiw  iaixii  ant 


t-1^%  ?,.r3;;...'?t  ^  i-'V/ioel  ,  L.'v-.-vI:)a 

-ib.  .  5n.>  «•<  im^-V.  =.«,-.-  j:3  ai,,  _  J.J  Rtl«i^..,  Ml 

— *i«'>i' '  ij ; j.i-5  r  *i£>i.j. 


■  fi  i  J'iij  tfjCo.Ui  c,4.^  oiiad 


.SH':' 


<  t  V  -•  ji'lr’’ 


-43' 


I 


o 


+ 


< 

I 

(/) 


P 

<1^ 

0 

M 

P 

CC 

P 

H 

EH 

W 

P 

0 

0 

0 

0 

<11 

0 

P 

« 

H 

C\J 

0 

P 

K 

P 

P 

K 

P 

P 

EH 

lA 

Oi 

0 

0 

0 

0 

P 

02 

EH 

<1^ 

(/> 

> 

< 

o 


LU 

q: 

D 

H 


D 

O 

U. 

o 


UJ 

o 

< 


Fig,  17.  Disc  gel  electrophoretic  patterns  of  peroxidase  isozymes  of  ungerm¬ 
inated  sclerotia,  germinated  sclerotia  with  the  apothecia  removed  (S-A_),  and  apothecia 
(A)  of  S.  sclerotiorum.  Cultures  were  grown  on  a  synthetic-agar  medium  at  13°G, 
Reagent  for  detecting  peroxidase  isozymes  was  benzidine-2HCl, 
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2HC1  reagent  was  used.  Relative  to  age  of  culture,  a  very  faint  band 
was  observed  in  the  lower  third  of  the  gels  stained  with  benzidine- 
2HC1  and  pyrogallol  reagents  for  sclerotia  harvested  from  20-day  old 
cultures. 

Extracts  of  sclerotia  with  the  apothecia  removed  have  one  band 
which  was  common  to  that  found  in  younger  and  ungerminated  sclerotia, 
and  this  band  was  detected  with  both  reagents.  However  with  benzidine- 
2HC1  an  additional  band  was  observed.  In  apothecia  there  were  two 
bands  detected  with  benzidine-2HCl  and  one  of  which  had  a  similar 
value  to  that  observed  in  ungerminated  and  germinated  sclerotia,  while 
the  other  band  which  was  wide  and  diffuse  did  not  correspond  to  bands 
in  the  other  gels.  With  pyrogallol,  two  distinct  bands  were  observed 
and  the  E^  values  were  similar  to  one  another  and  to  the  heavy  bands 
observed  in  other  gels. 

The  differences  in  peroxidase  isozymes  of  sclerotia  of  S.  sclero- 
t jorum  stained  with  benzidine-2HCl  and  pyrogallol  reagents  may  be  due 
to  the  differential  ability  of  these  reagents  to  detect  other  oxidases. 
For  example,  pyrogallol  not  only  detects  peroxidase  but  it  also  detects 
catalase  (Saunders  £t  1964) o  The  benzidine-2HCl  reagent  is  also 

sensitive  to  oxidation  by  other  oxidizing  agents  (Saunders  et  al.  1964). 
Other  differences  may  be  due  to  substrate  specificity. 

The  polyphenol  oxidase  isozymes  in  extracts  of  ungerminated 
sclerotia,  sclerotia  with  the  apothecia  removed,  and  apothecia  of  S. 
sclerotiorum,  are  shown  in  Fig.  19.  The  greatest  number  of  isozymes 
were  detected  in  sclerotia  from  20-day  old  cultures.  Sclerotia  of  10-, 
20-,  30-,  40-,  50- ,  60-,  and  70-day  old  cultures  had  identical  patterns 
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at  15°C.  Reagent  for  detecting  polyphenol  oxidase  isozymes  was  1-dihydroxyphenyl- 
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for  three  isozymes.  However,  in  extracts  of  20-day  old  cultures,  there 
was  an  additional  isozyme  band.  Activity  of  the  third  isozyme  band  of 
sclerotia  from  10- ,  20- ,  and  30-day  old  cultures  resulted  in  1-DOPA  being 
oxidized  to  a  greater  extent  than  by  the  other  bands.  Oxidation  was  also 
greater  than  that  for  similar  isozyme  bands  in  subsequent  extracts. 

Germinated  sclerotia  with  the  apothecia  removed,  and  the  apothecia 
had  similar  polyphenol  oxidase  isozyme  patterns,  however  the  patterns 
differed  from  those  observed  in  ungerminated  sclerotia.  Isozyme  bands 
detected  in  the  lower  half  of  the  gels  of  ungerminated  sclerotia  v/ere 
not  observed  in  germinated  sclerotia  with  the  apothecia  removed  or  apo¬ 
thecia. 

A  greater  intensity  of  stain  uptake  by  the  polyphenol  oxidase  iso¬ 
zymes  was  observed  in  the  younger  sclerotia  than  in  the  older  sclerotia 
even  though  the  same  amount  of  protein,  as  determined  by  the  Lowry  £t 
el .  (1931)  method,  was  used  for  each  gel.  This  greater  activity  of 
polyphenol  oxidase  in  younger  sclerotia  could  possibly  be  due  to  the 
involvement  in  pigment  synthesis.  Peroxidase  may  also  be  involved  in 
pigment  synthesis  as  was  found  by  MacMillan  and  Brandt  (I966)  in  Verti- 
cillium. 

Makkonen  and  Pohjakallio  (I96O)  found  that  the  cortex  tissue  of 
sclerotia  plays  an  important  role  in  the  resistance  of  sclerotia  of 
S.  sclerotiorum  to  parasitic  fungi.  Sclerotia,  which  developed  new 
cortical  tissues  rapidly  after  being  damaged,  were  more  resistant  to 
parasite  attack  than  those  that  replaced  the  cortical  tissue  more  slow¬ 
ly.  Makkonen  and  Pohjakallio  also  noticed  that  the  cut  surface  dark¬ 
ened  rapidly  after  being  cut.  This  pigmentation  required  adequate  aer- 
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ation  indicating  that  polyphenol  oxidase  was  involved.  V/hen  the  ori¬ 
ginal  cortex  of  sclerotia  was  removed,  added  catalase  was  found  to 
hasten  the  development  of  a  new  cortex. 

From  visual  comparisons  of  the  polyacrylamide  gels,  it  appears 
that  polyphenol  oxidase  activity  is  highest  during  the  stages  of  scle- 
rotial  pigmentation.  Peroxidase,  which  can  act  as  an  oxidizing  enzyme, 
may  be  involved  in  pigmentation.  The  results  for  peroxidase,  stained 
with  benzidine-2HCl  indicate  their  presence  during  growth  and  develop¬ 
ment  of  sclerotia,  but  no  bands  were  present  on  the  gels  when  the  scle¬ 
rotia  were  fully  developed.  However  peroxidase  isozymes  were  again 
detected  in  germinated  sclerotia.  Therefore,  peroxidase  may  be  involved 
in  some  biochemical  aspects  of  growth  and  development  of  apothecia. 

D.  AMINO  ACID  ANALYSIS  OF  SCLEROTIA  AND  APOTHECIA 

Qualitative  results  for  free  and  bound  amino  acids  of  ungerminated 
sclerotia,  germinated  sclerotia  with  the  apothecia  removed,  and  apo¬ 
thecia  are  shown  in  Tables  II  and  III  respectively. 

(a)  Free  amino  acids 

The  free  amino  acids,  alanine,  arginine,  glutamic  acid,  gly¬ 
cine,  leucine  and/or  isoleucine,  lysine,  serine,  threonine,  and  valine 
were  present  in  extracts  of  ungerminated  sclerotia  at  all  stages  of 
development,  germinated  sclerotia  with  the  apothecia  removed,  and  also 
apothecia.  Asparagine  and  tryptophan  were  present  in  ungerminated  scle¬ 
rotia,  germinated  sclerotia  with  the  apothecia  removed,  but  not  in  the 
apothecia.  Aspartic  acid,  present  in  sclerotia  from  10-,  30-,  and  60- 
day  old  cultures  was  not  detected  in  sclerotia  from  20-,  40-,  30-,  and 
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Table  II.  Free  amino  acids  of  ungerminated  sclerotia  cultured  on  a  synthetic-agar  medium 
at  15°C,  germinated  sclerotia  with  the  apothecia  removed  (S-A),  and  apothecia  (A). 
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70-day  old  cultures  nor  in  germinated  sclerotia  with  the  apothecia  re¬ 
moved,  but  was  present  in  apothecia.  Glutamine  was  present  in  unger¬ 
minated  sclerotia  at  all  stages  of  development  and  in  apothecia,  but 
was  not  detected  in  the  germinated  sclerotia  with  the  apothecia  removed. 
Phenylalanine  was  present  in  ungerminated  sclerotia  from  10-,  6O-,  and 
70-day  old  cultures  and  in  apothecia  but  was  not  detected  for  sclerotia 
from  20- ,  30- ,  ^0-,  and  30-day  old  cultures  nor  in  germinated  sclerotia 
with  the  apothecia  removed.  Tyrosine  was  detected  only  for  sclerotia 
from  3O-,  and  40-day  old  cultures  and  proline  was  not  detected  in  the 
free  amino  acid  extracts. 

The  free  amino  acids  are  considered  to  be  a  reservoir  for  synthesis 
of  proteins  and  other  metabolic  processes  (Holden  I962),  Therefore 
changes  in  the  free  amino  acid  pool  could  be  due  to  changes  in  proteins 
and/or  enzymes.  A  change  in  free  amino  acids  may  be  required  before 
apothecia  can  be  produced.  In  Sclerotinia  trifoliorum,  Sproston  and 
Pease  (1937)  found  that  the  use  of  thermoperiods  during  the  growth  of 
sclerotia  subsequently  increased  apothecia  production.  During  these 
thermoperiods,  Obreiter  and  Sproston  (1964)  found  that  threonine  con¬ 
tent  decreased  noticeably.  In  sclerotia  of  S.  sclerotiorum,  the  changes 
in  amino  acids  may  be  due  to  a  maturation  process.  During  this  ma¬ 
turation  period  certain  amino  acids  accumulate,  thus  giving  the  scle¬ 
rotia  a  reserve  of  amino  acids  required  to  form  enzymes  required  during 
germination.  The  relation  between  free  amino  acids  and  maturation 
could  be  resolved  by  a  quantitative  analysis  of  free  amino  acids  of 
sclerotia  during  development,  maturation,  and  germination  to  form  apo¬ 


thecia. 
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(b)  Bound  amino  acids 

The  bound  amino  acids,  alanine,  arginine,  aspartic  acid, 
glutamic  acid,  glycine,  leucine  and/or  isoleucine,  phenylalanine,  pro¬ 
line,  serine,  threonine,  and  valine  were  found  in  all  stages  of  un¬ 
germinated  sclerotia,  germinated  sclerotia  with  the  apothecia  removed, 
and  apothecia.  Lysine  was  not  detected  in  ungerminated  sclerotia  of 
20- ,  40-,  and  50-day  old  cultures  but  was  found  in  the  other  stages  of 
ungerminated  sclerotia  as  well  as  in  sclerotia  with  the  apothecia  re¬ 
moved,  and  apothecia.  Except  in  sclerotia  from  10-day  old  cultures  and 
apothecia,  tyrosine  was  found  in  all  stages  of  development  of  ungermi¬ 
nated  sclerotia  and  germinated  sclerotia  with  the  apothecia  removed. 
Fewer  qualitative  changes  were  observed  in  the  bound  amino  acids  than 
in  the  free  amino  acids. 

The  data  for  bound  amino  acids  does  not  indicate  significant 
qualitative  differences  except  for  the  absence  of  tyrosine  in  apothecia. 
As  with  free  amino  acids,  more  significance  to  data  would  be  obtained 
by  quantitative  analyses  of  bound  amino  acids  of  sclerotia  during 
development,  maturation,  and  germination  to  form  apothecia. 

E.  FACTORS  AFFECTING  APOTHECIA  PRODUCTION 

Results  for  the  effects  of  the  liquid  malt-yeast  and  the  synthetic 
medium  on  apothecia  production  are  presented  on  page  25.  The  effects 
of  plant  extracts,  glucose  concentration,  1,3-dichloropropene,  and 
light  and  darkness  on  apothecia  production  are  presented  in  this 


section. 


•2: 


-irra  i^i  ' 


,  J.  ..  ;  ,  •  :1  '  fySi-  - 

I  «»i  il.’Y  <■ 


( 

.  , . .  *  ,  ■'  f  U'lX' 


Jf  . 


-  T 


I  , t .'  i .'  ‘  i j «r|j?ri{. 


r  itTl  J  ‘C  ifltf  F"'M  S**^^ 

■  >  «,  ‘  '  t'!t_ 

ii^  t>lli^<•)  ^r.cf  Ai** 


lite 


-2. 


•'  i 


{ 


\  ^  ■  •, .  i  -;  .^4i 

'  1  r:D'  .  <5^ 

-' •’  mti4irxt*£0'r  "■  ^.  .tk  »'.  ?  * 


.li  -»  iljiW  *»«k-,^v  i i'l- 

I 


' ’V  „  "’  ■ 

-=>»■,  -■  .  jmA 


oi’J’^C  IffttfCd  1  fc&ytu<ji*<o  ivnw  4X^0  TS»y»1. 


#/» 


.  l  ..^^  ..(-iait.  ♦tnit  difi  iii 


'tc* IJavi*  £-  iX-t.  Jcft  5-.i0i’  /nci»«  6fti;  "!'*•!  vJiU"*  •^JfT 


i  { 


M  -  »  -  * 


.  ■  tp  p^iradit  *jU  TO^  e  LeMp 

r»  ‘ 

ci  %9iti:aLi:‘“  ?:.r- JL'.-  eio^c  .  iut  !-<il',  tt  Si^xl  iJ^vX  i|A 
iti!  :■* -i^e.  'v  .  UJ 

A '  ^  .u 

i.'-to:  oi  .‘Ojl.-j  'i.--,  ,.-■  .:  '  Uii  ,;  .  -s 


-52- 


< 

n 

Q 

o 

Q 

Pi 

P 

P 

P 

P 

P 

P 

P 

P 

< 

J) 

Q 

n 

n 

Q 

P) 

P 

P 

P 

P 

P 

P 

P 

P 

■<; 

P 

H 

CO 

o 

p 

EH 

P 

o 

M 

p 

p 

O 

H 

CM 

w 

< 

p 

o 

« 

o 

P 

o 

P 

o 

p 

< 

p 

p 

p 

P 

p 

P 

O 

p 

p 

O 

p 

P 

rP 

Q 

CO 

o 

P 

p 

bo 

n5 

I 

o 

•H 

-P 

CD 

-P 

CO 

ct5 

O 

Ti 

CD 

?H 

13 

-p 


AGE  OF  CULTURES  (DAYS) 

70 

p 

p 

P 

p 

P 

p 

p 

p 

p 

p 

p 

p 

p 

09 

p 

p 

P 

p 

p 

p 

p 

p 

p 

P 

p 

p 

p 

50 

p 

p 

P 

p 

p 

p 

ND 

p 

p 

p 

p 

p 

p 

40 

p 

p 

P 

p 

p 

p 

ND 

p 

p 

p 

p 

p 

p 

30 

p 

p 

P 

p 

p 

p 

P 

p 

p 

p 

p 

p 

p 

20 

p 

p 

P 

p 

p 

p 

* 

P 

S 

p 

p 

p 

p 

p 

p 

O 

* 

* 

n 

P 

P 

p 

P 

p 

P 

p 

p 

p 

P 

p 

p 

alanine 

0 

•H 

Si 

•H 

bC 

Sh 

cc5 

asToartic  acid 

glutamic  acid 

glycine 

leucine  and/or  isoleucine 

lysine 

phenylalanine 

proline 

serine 

threonine 

tyrosine 

valine 

Tj 

CD 

■P 

o 

CD 

-P 

CD 

■Tj 

II 

Pi 

* 

* 


CD 

-P 

O 

CD 

-P 

CD 

-p 

o 

fj 

II 


i 


* 


I — I 

ps 

O 


ci3 

•H 

-P 

O 

P 


0 
I — I 
O 

w 


0 

-P 

cr! 

P 

•H 


0 

bO 


Ip 

O 

CO 

•H 


O 

n5 

o 

p 

•H 

S 

nj 


o 

pq 


H 

H 

H 

0 
I — I 

Cti 

E^ 


medium  at  15°C,  germinated  sclerotia  with  the  apothecia  removed  (S-A),  and  apothecia  (A) 


-53- 


(a)  Plant  extracts 

The  numbers  of  apothecia,  produced  from  sclerotia  grown  on 
the  synthetic  medium  and  germinated  in  plant  extracts,  were  similar  to 
the  numbers  produced  in  controls  (control — sclerotia  germinated  in  H2O) 
(Table  IV).  However,  when  sclerotia  were  produced  on  the  synthetic  med¬ 
ium  supplemented  with  the  plant  extracts,  except  in  the  case  of  the 
sunflower  extract,  and  allowed  to  germinate  in  H2O,  the  numbers  of 
apothecia  were  almost  nil  (Table  V).  Using  extracts  of  the  aboveground 
parts  and  roots  of  barley,  and  roots  of  rape,  the  sclerotia  did  not 
germinate  to  produce  stipes.  When  extracts  on  the  aboveground  parts 
of  rape  were  used  sclerotia  produced  several  (3)  apothecia.  The  num¬ 
bers  of  apothecia  produced  when  extracts  of  the  aboveground  parts  of 
sunflower  were  used  were  as  great  as  observed  for  controls. 

Many  years  ago,  it  was  found  that  sclerotia  which  had  formed  on 
sunflower,  hollyhock,  and  pumpkin  formed  apothecia,  but  sclerotia  from 
squash  did  not  (Young  193^j  1936).  In  support  of  Young’s  studies, 

Purdy  (1936)  found  that  sclerotia  produced  in  cultures  grown  on  potato- 
dextrose  agar  did  not  form  very  many  apothecia,  whereas  those  sclerotia 
from  cultures  grown  on  autoclaved  celery  produced  many  more  apothecia. 

In  the  results  of  the  study,  it  was  found  that  the  type  of  medium  dur¬ 
ing  the  growth’  of  sclerotia  (Table  V)  was  more  important  than  materials 
in  which  the  sclerotia  were  placed  for  germination  to  form  apothecia 
(Table  IV). 

(b)  Glucose  concentration 


The  effects  of  glucose  concentration  on  production  of  apo¬ 
thecia  are  shown  in  Table  VI.  Apothecia  were  not  produced  from  sole- 
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CONCENTRATION  OF  PLANT  EXTRACTS 

NUMBER  OF  APOTHECIA 

(PERCENT) 

PRODUCED  PER  12  SCLEROTIA 

CONTROL  (H^O)  • 

15 

MATURE  BARLEY  (ABOVEGROUND  PARTS) 

1.5 

14 

0.75 

14 

0.15 

10 

0.015 

11 

MATURE  BARLEY  (ROOTS) 

1.5 

17 

0.75 

12 

0.15 

19 

0.015 

13 

MATURE  RAPE  (ABOVEGROUND  PARTS) 

1.5 

11 

0.75 

12 

0.15 

20 

0.015 

19 

MATURE  RAPE  (ROOTS) 

1.5 

17 

0.75 

13 

0.15 

16 

0.015 

25 

IMMATURE  SUNFLOWER  (ABOVEGROUND  PARTS) 

1.5 

16 

0.75 

17 

0.15 

19 

0.015 

20 

Table  IV.  Production  of  apothecia  from  sclerotia  of  sclerotiorum 
placed  in  H^O  (control)  and  different  concentrations  of  plant  extracts. 
Sclerotia  taken  from  70-day  old  cultures  were  grown  on  a  synthetic-agar 


medium  at  15 ®C, 
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rotia  grown  on  the  malt-yeast-agar  medium  supplemented  with  1,0%  and 
Z,0%  glucose.  However,  25  apothecia  per  20  sclerotia  were  produced 
from  sclerotia  grown  on  the  malt-yeast-agar  medium  with  3»0%  glucose. 
This  indicated  that  C/N  ratios  of  nutrients  during  the  growth  of  the 
sclerotia  are  important  for  subsequent  apothecia  production.  Although 
the  C/N  ratio  has  been  found  to  be  important  for  sclerotia  production 
(Turian  I966)  this  aspect  has  not  been  dealt  with  previously  for  apo¬ 
thecia  production. 

Factors,  such  as  plant  extracts  and  glucose,  change  the  C/N  ratio 
of  the  growth  medium.  Mature  barley  plants,  as  used  in  these  experi¬ 
ments,  are  low  in  nitrogen  and  would  increase  the  C/N  ratio,  and  thus 
could  inhibit  subsequent  apothecia  production.  Sunflower  (immature) 
probably  did  not  alter  the  C/N  ratio  and  therefore  has  little  effect 
on  apothecia  production.  The  possibility  exists  that  those  plant  re¬ 
sidues  which  inhibit  apothecia  production  contain  a  natural  inhibitor 
or  in  the  case  of  sunflower  a  stimulant  which  could  increase  apothecia 
formation, 

(c )  1, 5-dichloropropene 

The  number  of  apothecia  produced  from  sclerotia,  treated  with 
0,1%  1, 5-dichloropropene  prior  to  germination  in  H2O  is  shown  in  Table 
VII.  The  number  of  apothecia  produced  from  sclerotia  treated  with 
1, 5-dichloropropene  was  almost  four  times  that  of  controls.  These  re¬ 
sults  confirm  the  observations  made  by  Paptyka  and  Mai  (1958)  who  found 
that  sclerotia  in  soils  treated  with  1 , 5-dichloropropene  produced  more 
apothecia  than  sclerotia  in  untreated  soils.  The  mechanism  or  mode 
of  action  of  1, 5-dichloropropene  on  the  metabolism  of  sclerotia  is  un¬ 
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GLUCOSE  (%)  ADDED 
TO  MALT- YEAST- AGAR 
MEDIUM 

NUMBER  OF  APOTHECIA 

PRODUCED  PER  20  SCLEROTIA 

1.0 

0 

2,0 

0 

3.0 

23 

0  (CONTROL) 

0 

Table  VI,  Production  of  appthecia  from  sclerotia  of  S.  sclero- 
tiorum  grown  on  a  malt-yeast-agar  medium  supplemented  with  different 
concentrations  of  glucose  at  15°C,  Control — malt-yeast-agar  medium 
without  glucose. 


TREATMENT 

NUMBER  OF  APOTHECIA 

PRODUCED  PER  50  SCLEROTIA 

1 , 3-DICHLOROPROPENE 

11 

H^O  (CONTROL) 

3 

Table  VII,  Apothecia  production  of  S,  sclerotiorum  at  1^°C  from 
mature  sclerotia  treated  with  1, 3-dichloropropene  for  3  days  prior  to 


germination  in  H^O 
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(d)  Effects  of  light  and  dark 

In  the  controls  in  the  dark,  long  stipes  were  formed  (Fig. 

20a),  but  in  the  light  normally  expanded  apothecia  were  produced  (Fig. 
20b).  These  results  are  in  agreement  with  Henderson  (I962)  and  Bedi 

(1962)-. 

-Chemical  treatments.  The  chemical  treatments  which  included 
H^O^i  peroxidase,  H^O^  plus  peroxidase,  and  lAA  resulted  in  stipe  for¬ 
mation  from  sclerotia  germinated  in  the  dark  (Fig.  21  a-d)  but  in  the 
light  normal  apothecia  were  produced.  The  addition  of  H^O^,  peroxi¬ 
dase,  and  polyphenol  oxidase  respectively,  to  cultures  kept  in  the  dark, 
resulted  in  stipes  similar  to  those  obtained  for  dark  controls.  The 
addition  of  ^2*^2  peroxidase,  to  cultures  kept  in  the  dark,  resulted 

in  branching  of  apothecial  stipes  (Fig.  21c).  With  lAA  the  stipes 
were  much  shorter  than  controls  (Fig.  21d)  and  slightly  branched  although 
in  Fig.  21d  this  branching  is  not  evident.  The  addition  of  catalase 
to  cultures  kept  in  dark  and  light  resulted  only  in  mycelial  growth. 

The  branching  of  apothecial  stipes  in  the  dark  when  ^^^2. 
peroxidase  was  added  to  the  cultures  is  an  interesting  phenomenono  A 
similar  branching  effect  was  observed  in  decapitated  stipes  of  S.  scle- 
rotiorum  by  Henderson  (I962).  She  found  that  unbranched  stipes  were 
normally  formed,  and  she  considered  that  this  type  of  growth  was  regu¬ 
lated  by  an  auxin  synthesized  in  the  apex  of  the  stipe.  When  the 
apex  was  removed,  little  or  no  auxin  would  be  produced  and  branching 
of  the  stipe  resulted.  According  to  Henderson,  "It  is  doubtful,  there¬ 
fore,  if  the  phenomenon  can  be  likened  to  that  of  the  apical  dominance 
which  occurs  in  higher  plants."  Cartile  (I965)  suggests  that  the  auxin 
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Fig,  20.  Apothecia  (a)  produced  by  mature  sclerotia  of  S,  scle- 
rot jorum  germinated  in  water  in  the  light  and  apothecial  stipes  (b) 
produced  in  the  dark.  Incubation  temperature  was  15°C.  Magnification 
(a)  5X,  and  (b)  1.5X. 
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in  fungi  is  lAA  and  that  it  undergoes  photoreduction  in  the  light. 

If  the  auxin  in  apothecial  stipes  is  lAA,  then  it  can  be  oxidized  to 
an  inactive  form  as  is  suggested  by  Galson  e^  (1953)  for  lAA  in 
peas.  He  suggests  that  the  mechanism  of  lAA  oxidation  is  as  follows: 
light  activates  a  flavoprotein  which  produced  Peroxidase  plus 

^2^2  inactive  form.  In  the  apothecial  stipes  of  S. 

sclerotiorum  the  inactivation  of  lAA  by  peroxidase  plus 
account  for  the  branching  which  was  observed.  Therefore,  the  elimin¬ 
ation  of  lAA  by  this  method  would  give  the  same  results  as  the  decap¬ 
itation  experiments  by  Henderson. 

The  use  of  various  chemical  treatments  in  the  dark  were  not  able 
to  substitute  for  light  in  the  production  of  apothecia  of  S.  sclerotiorum. 
Of  interest  is  the  induction  of  asexual  sporulation  of  Sclerotinia 
fructogena  by  lAA  in  the  dark  (Khan  1966).  When  lAA  was  added  to  cul¬ 
tures  in  the  dark  sporulation  was  similar  to  that  observed  in  the  light. 

F.  PIGMENTATION  OF  SCLEROTIA 

Of  the  compounds  tested,  sodium  diethyldithiocarbamate  (dieca) 
was  the  only  one  which  inhibited  pigmentation  and  decreased  dry  weight 
of  sclerotia  and  increased  yield  of  mycelium  (Fig.  22).  At  10  ^  M 
concentration,  pigmentation  of  the  sclerotia  was  delayed  until  the 
cultures  were  13  days  old  and  at  3  x  10  ^  M,  pigmentation  was  delayed 
until  the  cultures  were  20  days  old.  Also,  the  sclerotia  in  2-day  old 
cultures  were  only  light  grey  in  color  and  did  not  turn  black  as  the 
cultures  aged.  Normally  pigmentation  of  sclerotia  begins  in  the  6-day 
old  cultures  and  sclerotia  are  black  by  the  eighth  day.  The  inhibition 
of  growth  of  sclerotia  was  proportional  to  the  concentration  of  dieca. 
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Fig.  21.  Mature  sclerotia  of  S.  sclerotiorum  germinated  in 
solutions  containing  (a),  peroxidase  (b),  plus  peroxidase  (c), 

and  lAA  (d).  Incubation  temperature  was  15°C.  Magnification  (a)  2X, 


(b)  2.5X,  (c)  1.5X,  and  (d)  2X. 
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Na^EDTA 
10"^M  CYSTEINE 
10“^M  lODOACETIC  ACID 
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DRY  WEIGHT  OF  SCLEROTIA  [Q/PP) 


Fig.  22.  Dry  weights  of  mycelium  and  sclerotia  from  20-day  old 
cultures  of  S.  sclerotiorum  grown  on  a  liquid  mait-yeast  medium 
supplemented  with  various  compounds  used  to  inhibit  sclerotial  pig¬ 
mentation.  Cultures  were  incubated  at  20°C. 


.1  ”.1 


irO'  0T*>i!it:4't%4’0X 


-l'  I  •  '■' 

■■■■%  •  \ 

#. 

■•■ao, 

•iTf nil 


:i/  .  ui'K3cl>-£SJ'>5 


;U'i.iJ2.  *.  Xt,  .  ™  H^^ox 


*.,.  i  .ui^€xo.iv 

J  .if!  ^  "vX 


K  ■  .'j- 


U7fVl 


2,  QXe.  >  01-  iijyCv30i  H'  ”01 


H  ”01 


'  Ox  3!  ^ 


AOij  i'x  ..I  i.  X 


.'.i  »■ 

,<■- . 


1  «  ? 


JWZllO 


8^0  ^  .0 

(«»N3»va)  AiTO«:iJOa  ^0  TWU!3W  VRQ 


•!  S,  '' K 


<ii»  t'  - '■’  '  -’.*'.'^  •15'  •■  .vojXfacvitt  1:0  XT-I  ,  .  .  x' 

tudU  Jfi  7-  r  *  no  um©^  sjrto^>  i 

a?:Ui’£!ii  oX  o*»si:  >il-pjiO'nno  ■eubi'iKV  hosr. 

i 

•0*^0^  iA  t-jizjdnoas  alflw  lOi'ttjiJjjO 


V-l 


V.- 


Ir^ 


.  « 


-63- 


Although  not  recorded  numerically,  the  numbers  of  sclerotia  were  less 
and  smaller  than  the  controls.  At  3  x  10  M,  greater  mycelial  growth 
was  observed. 

The  pigments  extracted  from  several  fungi  by  Bloomfield  and 
Alexander  (I967)  were  found  to  be  melanin-like.  They  suggested  that 
the  resistance  of  fungal  structures  (e.g.  sclerotia)  was  correlated 
with  the  presence  of  melanin  or  melanin-like  materials.  The  pigment 
extracted  from  sclerotia  of  S.  rolfsii  was  found  to  have  characteris¬ 
tics  of  melanin  (Chet  et  I967).  The  indications  are  that  pigment 
of  sclerotia  of  S.  sclerotiorum  is  melanin-like.  The  synthesis  of 
this  pigment  was  inhibited  by  dieca  which  is  known  to  inhibit  melanin 
synthesis.  Dieca  chelates  copper  and  some  other  metals  (James  1933)* 
This  is  in  contrast  to  the  findings  of  Bonner  (1937)  who  found  that 
dieca  can  be  used  to  differentiate  copper  proteins  from  other  metal- 
containing  proteins.  Since  growth  of  sclerotia  was  inhibited  and  mycel¬ 
ial  grov;th  was  stimulated  by  this  compound,  indications  are  that  other 
enzymes  involved  in  induction  and  development  of  sclerotia  are  partially 
or  completely  inhibited  and  if  these  same  enzymes  are  also  involved 
in  pigmentation,  then  pigmentation  may  also  be  partially  or  completely 
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